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By ROBERT H. SCOTT, M.A., F.R.S., Foreign Secretary, 



[Bead November 18th, 1891.] 

The Meeting which took place at Munich was a Conference, not a Congress. 
In other words, it was an assemblage of meteorologists, and meteorological 
systems as snch, and not of representatives of governments. 

It had been decided by the International Meteorological Committee, at 
Ziirich, in 1888, to give the meeting this, more or less, private character, 
mainly on the ground that more than one government had expressed itself 
strongly against the idea of any more official assemblage. The result of this 
has been that in some cases the gentlemen invited were unable to obtain per- 
mission from their respective authorities to attend, on the plea that no invita- 
tion, through diplomatic channels, had been received. 

The Conference was, however, attended by 82 persons. The whole pro- 
ceedings were marked by the most thorough good fellowship, and, in fact, it 
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is in tha*ioi8tpring of this feeling, much more than in the discussion of 
ahBtrQi?e.&^ientific questions, that the real value of these international gather* 
h^[sitfV>'be found. 
, >, IHne countries represented were as follows, taking them in alphabetical 



••.:%• 


European 


• 






. -*';•• V * Austria ] 
.; • ' Bulgaria ] 

Denmark j 
England 1 
Finland ] 


I France 
L Germany 
L Holland 
L Hungary 
L Norway 


2 
9 
1 
1 
1 


Roumania 

Russia 

Spain 

Sweden 

Switzerland 


1 
8 
1 
1 
1 




Extra European. 






Braisil 1 


Queensland 


1 


United States 


4 



Of these countries Bulgaria, Roumania, Bra^iil, and Queensland were for 
the first time represented at such a Meeting. 

The sittings were held in the large Board Room of the Polytechnic School 
at Munich. The language of the Conference was German, tlie locality being 
in Germany, but all resolutions were submitted, nnd many speeches made, in 
the three languages, English, French and German, while the minutes of pro- 
ceedings were prepared, printed, and, for the first three days at least, issued, 
in the three languages. 

In accordance with the usual practice, the chief of the local meteorological 
serrice, Dr. Carl Lang, was elected president. He nominated as vice-presi- 
dents Prof. Mascart and Prof. Harrington, to represent the French and Anglo- 
Saxon elements respectively. The secretaries were also selected for the three 
languages, and were Dr. Erk, M. Teisserenc de Bort, and your humble ser- 
vant. I can assure you that their post was by no means a sineoure-^to stay, 
after a three-hour meeting, for four hours more, writing protocols, in three 
languages, is not an agreeable task. The meetings lasted for three hours on 
each of the first four days, and for about six hours on the last two. 

Coming now to the actual decisions of the Conference, I must, in the first 
instance, deal with the special questions sent forward by our own Council : 
they were Nos. 19, 20, and 82 of the programme. 

The first two referred to anemometry. 

" 19. The general adoption of a standard anemometer for the determina- 
tion of the velocity of the wind." 

" 20. The general adoption of a uniform height above the ground for 
anemometers." 

These questions are of somewhat old date, as they were originally put for- 
ward in the year 1885, and suggested for the Paris Meeting of the Inter- 
national Committee in that year ; and I think I am justified in assuming that 
had the results already attained by Mr. Dines on the subject of wind mea- 
surements been before the Council the suggestions above given would have 
been differently worded. 
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The whole subject of anemometry was treated en bloc by Dr. Wild, in a 
report printed in the appendix. No form of instrument but Robinson's was 
discussed, so that no selection of a type instrument took place. It was 
expressly declared to be impossible to lay down general rules for the height 
above ground or exposure of the instruments. This decision wDl not be un- 
acceptable to some of our Fellows, who go so far as to condemn all existing 
anemometrical records on the ground that all the instruments are placed on 
some building which produces eddies, instead of being placed on a scaffolding. 

The thurd suggestion from the Society, No. 82 of the programme, as to 
the preparation of tables for the reduction of temperature to sea-level, has 
been disposed of satisfactorily by the publication of the International Tables. 

As regards the other subjects discussed, the following is a brief summary 
of the utterances. 

Thermometry. — It is recommended that the standard thermometers in each 
country bo compared with the standard instrument at the Bureau Inter- 
national des Poids et Mesures at Sevres, and that the practice of referring 
temperatures to the air thermometer should bo introduced as soon as possible, 
but at latest with the year 1901. 

A considerable discussion took place as to the hour of reading the maxi« 
mum and minimum thermometers, the resolution of the Vienna Congress, 
that these two readings should be made at the latest observing hour of the 
day, being not universally adopted at present. The Conference on this occa- 
sion stated that it was of paramount importance to give in every case the 
hour at which the maximum and minimum thermometers were read and set. 

Badiation, — It was held that no form of actinometer had as yet been pro* 
posed which could be recommended for general adoption. 

Hygrometrtf, — The Conference reiterated the recommendation of the 
Boman Congress as to the general application of mechanical ventilation to 
the wet bulb. I may venture to point out that this will present difficulties at 
second order — not to speak of telegraphic reporting — stations. 

Rain. — The definition of a rainy day was lowered, and now a fall of 0*1 mm. 
or of 0*004 inch, is to constitute a day of precipitation, while the number of 
days per month on which 0*04 inch fell is to be recorded. A suggestion of 
Pere Colin's, of Antanarivo, to give dew' in a separate column, was declined, 
but M. Colin was requested, if possible, to give measurements of the faU of 
dew in Madagascar. 

No change was made in the Roman proposals as to the placing of gauges 
occasionally on roofs, except to say that these should not be pointed, M. 
Arcimis explaining that roof exposure was the only possible one in Cadiz. 

iSnoir.— • Special attention was directed to the subject of snow lying on the 
ground, and it was decided to employ a symbol HI to indicate that more than 
half of the country surrounding a station was covered with snow. 

It is resolved to collect and print information as to .the practices of snow 
collection and measurement at present in force. 

Some discussion took place as to some of the other symbols recommended 
hj previous conferences, notably as to silver thaw and glazed frost, and also 
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as to hales and coroma, about which there is a confusion in English books, 
the German equivalent of the htUo with a radius of 22° being ** Ring," and 
of the rorana, "Hof." 

Sunshine. ^The Conference recommended the extension of sunshine obser- 
vations, but did not deal with the question of the relative merits of the two 
modes of measuring the duration of this element. 

Clouds. — Some discussion took place as to the estimation of the total 
amount of cloud in the sky, and it was proposed to limit the region taken into 
consideration to a certain zenithal zone. The Conference recommended that 
at certain stations in each country comparative observations should be made 
of the amount of cloud for the whole sky, with a clear horizon, and for 
zenithal zones of 45° and 60° respectively. 

As to the classification of clouds the longest discussion took place, and, in 
my opinion, has resulted in confusion worse confounded. It goes without 
speaking that I was outvoted on this matter, but I was accompanied in mis- 
fortune by Prof. Harrington for the United States, and by Dr. Schultheiss of 
Carlsruhe. The resolution of the Conference, carried by a large majority, 
was to adopt the classification of clouds, with ten grades, proposed by Prof. 
Hildebrandsson and Mr. Ralph Abcrcromby, but immediately thereupon a 
committee was appointed by the following resolution : — 

" The cloud atlas, in its present form, is to be recognised as the first 
satisfactory attempt to introduce uniformity in the classification and nomen- 
clature of cloud observations. It is desirable to form a committee in order 
to obtain smaller and cheaper representations of cloud pictures, without 
abandoning the use of colour. The committee should consider the cloud 
atlas, as well as the other pictures submitted to them.** 

I venture to remark that the resolution just read absolutely upsets the 
previous decision, adopting the classification represented by the cloud atlas. 
This cloud atlas is to be considered, but by the resolution previously passed the 
classification therein embodied is adopted, and thereby excluded from further 
consideration. 

The committee entrusted with the arrangement of future cloud pictures is 
composed of MM. Hann, Hildebrandsson, Rotch, and Teisserenc de Bort, 
with the right of co-option. Herr Singer, of Munich, has already been 
co-opted. 

A report on the mode of observing cirrus clouds was prepared, and will be 
printed in the Report of the Meeting. 

Wind. — I have already mentioned the action as regards wind, in so far as it 
concerns this Society. The further points dealt with by the resolution were 
the publication of such records only as were obtained from duly verified in- 
struments, and a demand for a fresh determination of the velocities corre- 
sponding to d^ees of the Beaufort scale. 

lime, — ^A suggestion from the recent Geographical Congress at Rome in 
favour of the introduction of universal or zone time was emphatically 
rejected, as local time is alone suitable for climatological inquiries. 

It was further decided to number the hQ^rs, in publications, from h. to 
2B h, beginning with midnight, 
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Correction of barometrical readings for gravity. — This matter was again 
brought forward, and it was resolved to recommend its introduction with 
1901, and that it should always be stated whether this correction has been 
applied or not. 

Frequency of occurrence instead of mean value, — ^A proposal to substitute 
for the usual publication of the moan value of a phenomenon, a statement of 
the frequency of occurrence of a particular reading, was not adopted. 

The resolutions as regards weather telegraphy were of a general nature, 
and hardly call for notice here. 

The last matter which may interest the Society as connected with the 
proceedings of the Conference is the discussion as to the preparations for 
the next meeting, which is proposed to be in the form of a Congress, that is, 
summoned through diplomatic channels, and is to be held, it is hoped, in 
Paris in 1896. 

A proposal to create an Intemational Bureau with a salaried staff and an 
office in some metropolis or other did not meet with favour, and finally a 
committee was appointed, to consist of 17 members, of whom 14 were elected 
on the spot. 



he names are : — 




von Bezold 


Lang 


Billwiller 


Mascart 


de Brito Capello 


Mohn 


Haon 


Scott 


Harringtrm 


Snellen 


Hepites 


Tacchini 


Hildebrandsson 


Wild 



It will be seen that all the members of the old Intemational Committee 
were reappointed with the exception of Dr. Neumayor, who begged to bo 
allowed to resign his seat on the Committee. 

The three vacant seats will probably be filled by representatives of three 
important British extra-European organisations. 

Prof. Wild was selected President, and your humble servant could not 
escape his fate of having to act as Secretary, an office he has now held for 
17 years. 

I cannot conclude this notice without adverting to one matter which 
forces itself upon my notice. I exhibit the photograph of the Conference, 
and beside it that of the Congress of Rome, 12 years before. There are only 
seven faces which appear on both these pictures, and I am the only person 
who has attended every one of the Intemational Meetings, Congresses, Con- 
ferences, and Committees, from Leipzig in 1872 to Munich in 1891. 



DISCUSSION. 

Mr. A. L. RoTCH said that as a member of the Committee on Cloud Pictures 
appointed by the Conference, he must ta^^e exception to Mr. Scott's statement 
that the adoption by the Conference of the cloud classification of Hildebrands- 
son and Abercromby precluded any work by the Committee. His own task was 
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to choose the best illustrations of the adopted types of cloud, with a view to 
reproducing them in colour as cheaply as possible in an atlas. About twenty 

?ictures were chosen from the photographs of Dr. Hildebrandsson of Upsala, 
)r. Riggenbach, of B&le, and M. Gamier of Paris. Some very fine photographs 
have since been submitted by Dr. Neuhauss of Berlin, some of which were 
exhibited by Mr. Rotch. It is the intention of Dr. Singer, of Munich, to pub- 
lish a cheaper atlas of the typical clouds, the i)icture8 being photo-lithographed 
in one colour, as in the specimen sheets shown. Mr. Botch read a letter from 
Dr. Hildebrandsson, in which he described the difficulties of reproducing the 
coloured cloud pictures. For the measurement of cloud heights and velocities 
which it is proposed to undertake in various parts of the world. Dr. Hildebrandsson 
recommends the use of photographic cameras attached to theodohtes as already 
employed at Upsala and Blue Hill. 

Mr. Symons said that the Society's thanks were due to Mr. Scott for his very 
lucid account of the six days' hard work done by the Conference. He did not 
feel at all happy about the suggestion the Conference had made concerning 
placing rain-gauges on roofs, as he had a strong objection to rain-gauges being 
so placed. The distinction drawn between flat roofs and those which were 
pointed was a very important one, as the late Mr. G. Dines had shown from 
a careful series of experiments conducted at Hersham that, provided a flat roof 
was of sufficient area, the rainfall collected by a gauge placed thereon might not 
be seriously affected by its elevation. 



ACCOUNT OF AN ELECTRIC SELF-RECORDING 

RAIN GAUGE. 

By W. J. E. BINNIE, B.A. 
(Communicated by G. J. Symons, F.R.S.) 

Plates I. and 11. 



[Received November 2nd.— Read November 18th, 1891.] 

!rms gauge waa conBtructcd on the assumption that all drops falling from an 
orifice or tube are identical in weight, as long as the dimensions of the 
orifice are not varied. 

Before entering upon a discussion as to how far this assumption is correct, 
I shall briefly describe the action of the gaugo itself. This can best be 
described under two heads : — 

1. The Transmitter. 

2. The Receiver. 

The TranamUteri (Sde Fig. 1, Pkto I.) 

The drawings show (Fig. 1) a longitudinal section J (Fig. 2) a plan of the 
splash cup ; (Fig. 8) a plan of the contact lever, <fec. 

Referring to Fig. 1, ^ is a rain-gauge funnel, 2 ins. in diameter, which 
is surrounded by a 5-in. cylinder By whose rim is flush with that of ^. All the 
rain which falls on A is conveyed into the apparatus by the tube C, that 
which falls upon the annular space between ^ and J5 escapes over the top of 
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the box throngb suitable boles D, D\ Tbe rain passes tbroagh C, tbe lower end 
of wbicb is ground flat in a piano at right angles to the longitudinal axis of 
the tube, and covered with cambric or other suitable material at E. The 
water, on reaching the cambric at the end E, moistens it, spreading out 
until it has reached the external circumference of the tube. It then collects 
and falls from the cambric as a drop, whose size can be easily measured. 
The cambric is used for two reasons, (1) we can obtain a larger drop by this 
means than if a tube alone were used, as water only chokes the bore of small 
tubes unless passing in large quantities, and (2) the area of formation of the 
drop remains constant, as the water can spread no further in a horizonal 
plane than the external circumference of the tube. Creep which occurs from 
the internal to the external circumference of the tube is thus avoided. The 
drop falTs from the cambric on to the plate situated at one extremity of the 
bent lover M (Figs. 1 and 8). This lever is balanced about an axis N, work- 
ing in two uprights and 0' (Fig. 8). To the one end of the axis is attached 
a thin wire of some well-conducting metal, which dips into a drop of mercury 
lying in a depression in the surface of the foot of the upright. To this 
upright is attached one terminal of the circuit. At the further extremity of 
the lever M is a small adjustable counterpoise P (Fig. 8), which keeps the 
lever, when at rest, in contact with the backing-screw Q, the position of which 
can also be adjusted. Underneath the lever between the axis and the plate 
is a small pointer made of platinum, placed immediately above, but not in con- 
tact with, the mercury in the tube S. Into the mercury in this tube dips the 
other terminal of the circuit, which terminal should be of iron, platinum, or 
other non-amalgablo but well- conducting metal. The whole of the lever and 
uprights are made of metal. The momentum of the drop striking the plate 
L causes the lever to dip, thus closing the circuit, until the counterpoise 
brings the lover back again to rost upon Q, Bound the plate is a cup^T (Figs. 
1, 2 and 8), which consists of two tubes ; the upper tube splash-protector is 
open at both ends and can slide over the other, which is slotted from the top 
downwards so as to allow sufficient motion for the lever, and is provided with 
a discharging tube U (see Fi^. 1) passing into a collecting vessel. In Fig. 8 the 
lower slotted tube is shown in position, the upper tube being removed. The 
rain-gauge box is provided with four large iron spikes by moans of which it 
is fixed in the ground, or better, let into concrete. These have been omitted 
in the figure. 

If the drops were of constant size, under varying conditions, we should 
obtain a measure of the amount of water fallen by experimentally determining 
the size of the drop, and then recording the number of drops which fell 
during any period. 

The conditions which exercise an effect upon the size of the drop are 
two ; (1) the interval elapsing between the fall of the drops ; and (2) tho 
variations in temperature. 

To show how temperature affects the size of a drop, lot us tako 
the case of a drop which is about to fall from a vertical tube of such a 
diameter that the water, before falling in the shape of a drop, chokes 
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the bore of the tube, which would happen with all tubes up to a diameter 
of about i centimetre. Then the size of the drop falling from the tube is 
such that the weight of the drop, just before falling, is equal to the upward 
force exerted by surface tension. 

Let a be the radius of the tube and w the weight of the drop. Then if r is 
the radius of the drop after falling from the tube (the drop being supposed 
spherical), 

where T is the surface tension, 

(approximately), taking 80 as the value of the surface tension. 

On Plate II. are shown the theoretical values from tubes of various 
dimensions. Eighty was taken as the value of the surface tension at 
the temperature at which the experiments were carried out. This value 
would not, however, hold for all temperatures, there being a variation of 
about x^W P^^ degree Fahrenheit. Hence the difference in weight of a 
drop, under similar conditions, falling from the same tube at 72°F. and at 
82°, would amount to about 8 % ^^ ^^^ whole weight of the drop. 

If we took the weight of the drop at a temperature midway between these 
temperatures, we should find a variation of 1^% on each side of the mean 
value. If the theory, as it stands above, explained all, this would be the 
total amount of error, but as Professor Guthrie first pointed out (^Pro- 
ceedings Royal Society, Vol. XTIT., pp. 444-88) a variation occurs when the 
interval between the fall of the drops varies. I have, myself, (Report of 
British Association^ 1890, p. 781) carried out a series of experiments 
showing the variation in the size of drops falling from tubes, plates, cones, 
&c., due to this cause. 

On Plate II. I have plotted the variations of the drops with different 
intervals from tubes -244 = A, -8 = B, -38 = C, -88 = 0, and -56 = E 
centimetres in diameter. The temperature during these experiments varied 
very little. The horizontal distances represent the mean interval of time in 
seconds between the fall of each drop, the vertical the variations in the size 
of the drop in hundredths of a cubic centimetre. 

The first thing that strikes one is the similarity of the curves. The drop 
remains constant in size, or very nearly so, until the interval is decreased to 
five seconds ; then, as this interval decreases, the drop rapidly gets larger, 
as shown by the upward sweep [of the curve, until, when the interval is 
nothing, the drops coalesce to form a stream. 

The generally accepted explanation of this fact is, that supposing the 
supply of water to the tube to be cut off at the moment when the drop had 
become of such a weight as to fall, the drop would not fall immediately, but 
would remain for some time in a state of unstable equilibrium. But, sup- 
posing that the water was still being supplied to the drop while it was in this 
state, the fall would be hastened, but the drop would be of a greater weight 
than it theoretically ought to be, this effect being duo to the fact of the sur- 
face layer of liquid acting as an elastic film. Hence the increased weight of 
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the drop would depend upon the weight of supply. It is pretty evident from 
the diagram that this variation has nothing to do with the dimensions of the 
orifice. 

Let us take the size of the drop, which is ahout ^th of a cubic centimetre, 
as it falls from the rain-gauge tube, so large a drop being adopted for two 
reasons, (1) the impact being greater the little lever need not be made so light, 
and the counterpoise can be made heavier so as to ensure a prompt return to 
rest ; and (2) as the variations depend upon the interval, to a similar extent in 
drops of different size, we can collect more water, before variation sets in, with 
large drops than with small. 

If we could design a funnel of such a diameter, that, with the heaviest 
known rate of rainfall, the drops would never have an interval between them 
of less than five seconds, then error from this cause could be almost entirely 
eliminated. Here we are met with two difficulties, (1) the diameter of the 
funnel can hardly be made less than 2 ins. without liability to error : (Prof. 
Eastman's observations at Washington with gauges from 1 to 6 ins. in 
diameter, show that even down to 2^ ins. the error is not likely to exceed 
l^/o, and the Strathfield Tnrgiss experiments show that even with funnels 
down to 1-in. diameter, when carefully measured, the error is inappreciable) ; 
and (2) the rate of rainfall is occasionally exceptionally heavy. 

Let us take the heaviest rate of rainfall at 7 ins. per hour, and suppose 
that we use a 2-in. funnel, the size of the drop being Jth of a cubic centi- 
metre : then the amount of rain collected in a minute would be *866 cubic 
inches. Each drop = '0102 cubic inches : therefore in one minute we should 
have 86 drops ; i.e, the interval between the fall of the drops would be 1*7 s. 
Suppose we were to assume for the weight of the drop its value when the 
interval was 5 s. ; then, during a shower at the rate of 7 ins. per hour, we see 
by the curves that wo should get an error of about 8*5%. On the other 
hand, during an exceedingly light shower, the error from this cause would 
probably never exceed 2%. 

It might, perhaps, be thought that the errors to which this instrument is 
liable would more than counteract any advantages it possesses. As to the 
temperature error, it is one which seems impossible to be overcome without 
using artificial means for keeping the temperature constant. After continued 
observation, however, a temperature mean could be obtained for each month 
which would render the possible error from this cause very small. The error 
for different intervals between the fall of each drop, is practically only of 
importance in a few exceptional cases, for the drop remains nearly con- 
stant for intervals longer than five seconds. 

One of the above drops in five seconds, using a 2 -inch funnel, would mean 
a rainfall at the rate of nearly 8 ins. per hour, and one has only to look 
through British Ilainfall to see that this rate of fall, even, is not often 
reached in the same place. During the last 21 years, a rate of rainfall 
more than 8 ins. per hour has been recorded 72 times. During these 21 
years, this rate of rainfall has been exceeded seven times at one observatory, 
that of Mr. Symons in Camden Square. The frequency of the observation of 
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this heavy rate of fall at this locality is, no doubt, doo to the great care which 
has been bestowed upon the registration of rainfall at this observatory and 
the exceptional instruments provided there, and not to peculiar meteorolo- 
gical causes. 

Only twice during the 21 years has the rate at 7 ins. an hour been 
exceeded, so that if one of the above described gauges had been beside the 
gauges in Camden Square during these 21 years, only on seven occasions would 
there have been an appreciable error due to this cause. It must also be 
borne in mind that every recording gauge which automatically discharges 
itself takes no account of the rainfall during the discharge. 

I shall now proceed, as briefly as possible, to describe the recording in- 
strument. 

2'he Recording InstrunienL — The instrument next to be described entirely 
gets rid, if necessary, of the error due to a very heavy rate of rainfall, though 
it is such that it could not be very well placed in the hands of a perfectly un- 
skilful person. In describing it I shall assume that it is placed in such 
proximity to a house as to allow of the battery and recording instrument 
being kept inside, the wires being conducted thither from the gauge. (See 
Plate I.) 

Fig. 4 shows a view of the weight-cord drum. 

5 „ side elevation of the apparatus. 

6 „ plan of the style holder. 
„ 7 n pl^^ of the escapement. 

„ 8 ,, an elevation of the escapement lever. 

Against the drum A (Fig. 5), which is driven by clockwork in the ordinary 
manner, presses a style B (Figs. 5 and 6), which consists of a writing style 
carried at the end of an arm attached to the carrier C, the style being kept 
pressed against the drum by the spring-arm. The carrier is provided with 
a little catch D (Figs. 5 and 6) which can revolve in a plane parallel to the 
face of the carrier. When the style is pressed back and the catch revolved 
in the same direction as the hands of a watch till it presses against the arm, 
the style is kept by means of the catch from pressing against the paper. By 
this means the style is removed from the drum, when it is required to re- 
place the diagram, &c. The carrier C is tapped and is carried upon the 
screw L, the back part being prolonged into a tail-piece M (Fig. 6), which 
slides in a vertical slot in the upright N (Fig. 5). N is bent horizontally at 
its upper end, and to it is hinged the distance piece O provided with a screw 
P, which screw when it rests upon a depression in the vertical bar round 
which the drum revolves, shows that the bar is parallel in all planes to the 
screw L. The screw L passes through the horizontal plate of N at its upper 
end, and is there provided with a pinion into which is geared the wheel F, 
To the wheel F is rigidly attached the drum C^ round which is wrapped a 
string, which passes over the pulley B. and round that of the weight W^ the 
drum being made threefold and wound in alternately opposite directions, so 
that the pen is first raised to the top, then lowered again to be raised once 
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more. This gives as 6 ins., four of which may be advantageouslj kept as a 
reserve. The tendency of this weight is to cause the screw to revolve so as 
to raise the carrier. The lower end of the screw is provided with a toothed 
wheel 8 (Fig. 7) geared into a pinion, which is rigidly attached to the fly- 
wheel T (Figs. 5 and 7) ; in the figure the cock of T is shown removed. This 
fly is provided with a pin U, which is placed vertically at some point in the 
circumference (Figs. 5 and 8). The electric escapement (Fig. 7) is as follows. 

V is an electro-magnet, provided with an armature Z bent at right angles at its 
extremity and slotted so as to admit loosely the bent lever X (Figs. 7 and 8). 
This lever is bent as shown in Fig. 7, it can revolve about an axis at the 
further extremity from the electro-magnet, and is provided with two stops U 
and P (Fig. 8). These stops are so placed that any body moving parallel to 
and in contact with one face of Y would come into contact with, and be 
stopped by, one face of Y\ At the same time they are at such a distance 
apart that a small body such as the stop pin of T (Fig. 7) would pass between 
them. The lever X works between two vertical pins (1) and (2) 
(Figs. 7 and 8). When it is required to throw the apparatus out of action 
in order to bring C back again to zero, the lever X (Fig. 7) is raised until it can 
be pressed back over the top of 2 ; on lowering it behind 2 it remains in this 
position when both stops are clear of the stop pin on T, and L is then free to 
revolve. 

The action of the instrument is as follows. Each current sent by the 
transmitter causes the electro-magnet to attract its armature Z, The stop 

Y is withdrawn and the wheel T revolves under the influence of the weight, 
until the pin comes in contact with Y\ Here it remains until the curreut 
from the transmitter ceases, when Z returns to its original position and the 
wheel T completes its revolution, being brought again to rest by Y, 

Thus every current which is transmitted allows the fraction of a revolution 
of L, raising C a certain definite distance on the drum. As these currents 
are each due to the fall of a certain quantity of rain, the curve traced by the 
style upon the drum shows the variations in the intensity of the rainfall, the 
paper on the drum being divided into inches and tenths from the known size 
of the drop and the gearing. 

As to working, I have had the instrument outside during the blizzard in 
March, and during part of July and August 1891, and it has worked satis- 
factorily, since the water collected checked well against the fall recorded on 
the drum. On July 19th, a rainfall at the rate of 6 ins. per hour was recorded. 

When once adjusted, it remains in adjustment imless it receives a violent 
blow. The cambric in such an atmosphere as that of London requires to be 
renewed about once a week. 



DISCUSSIONi 

Mr. Harries said that when at Toronto in July laat, Mri Carpmael, the 
i3irector of the Canadian Meteorological Service, showed him an electrical regis- 
tering rain gauge, constructed very much on the same lines as Mr. Bimiie's 
instrument. Electrical contact is formed as each drop falls on a lever placed 
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between the funnel and the receiver, and the time of contact is automatically 
recorded in the interior of one of the computing rooms of the Observatory. 
The duration of rain is thus registered, but he (Mr. Harries) was not certain 
whether the amount could be obtained from the same record. The instrument 
is fixed in the ground in close proximity to the ordinary rain gauge. 

Mr. Whipple inquired what amount of paper was required to record one day*s 
rainfall. 

Mr. Symons said that when the idea of this form of rain gauge was suggested 
to him he thought it would not be practicable to construct a trustworthy instru- 
ment, as he believed it would be found that the drops would not be sufficiently 
uniform in size. However, the instrument had been constructed and had been 
proved to give interesting results, although a lengthy comparison with some 
other form of continuously recording rain gauge was desirable. This new form 
of rain gauge had two advantages over other patterns ; (1) he knew from expe- 
rience that it was often difficult to get a good pencil trace from ordinary forms, 
the recording portion of which had to be placed out of doors, where, the paper 
becoming damp, the pencil trace was either faint or it tore the paper. (2) All 
gauges which after receiving a certain quantity of rain discharged, either by 
tipping or by a sijphon, lost the fall during the time of those actions, there was no 
Budi loss with this gauge. Ho, however, did not like to use electricity in record- 
ing apparatus, because it so often failed at an important moment. The instru- 
ment seemed to work exceedingly weU, its error, even under exceptional circum- 
stances, only amounting to two or three per cent. He considered great 
ingenuity had been displayed by Mr. Binnie in the construction of this rain 
gauge. 

Mr. HoPKiNsoN said that it appeared to him that the instrument collected the 
actual amount of rain which fell, so that its daily trace could be checked by 
measuring the amount of water accumulated during the 24 hours. 

Mr. Bayard inquired whether the rain recorded was only that which fell 
within the inner rim of the receiver ? If so, he did not see the object of the outer 
rim. 

Mr. A. B. BiNNiB said that for the past two years he had watched the 
development of this rain-gauge, and when the idea of such a thing was mooted 
he, like Mr. Symons, was extremely sceptical concerning its practicability. He 
did not believe that a gauge would be constructed on this principle which would 
give sufficiently accurate results ; but after having taken part in a good number 
of experiments in connection with the construction and working of this form of 
rain-gauge, he had been led to believe that it really was a good instrument, and 
one which would give valuable results. The gauge did actually check its own 
indications, but he agreed with Mr. Symons that it would be advisable at first, 
to give confidence, to have an ordinary gauge in its vicinity, so that the records 
obtained from the new form of instnunent could be thoroughly tested, but he 
felt certain that this ordinary gauge would soon become unnecessary, as he 
believed that the author's gauge woiQd establish confidence in its own record. 
It was hardly smtable for mountain work, except in cases where the expense of 
a long line of wire communication could be incurred, but it was well adapted for 
ordinary observatory work, and was likely to afford valuable records respecting 
heavy rainfall in short periods. 

Mr. Gastee inquired whether Mr. W. J. E. Binnie could give any idea as to 
the probable cost of this instrument. 

Mr. \V. J. E. Binnie, in reply, said that he had not before heard of any 
similar form of rain gauge being in existence. It was not generally believed 
that drops were so uniform in size as the diagram indicated. The paper on 
which the registrations were traced allowed three quarters of an inch for a time 
interval of an hour, and about four inches for one inch of rain recorded. If it 
was thought desirable, a table of coefficients might be compiled from the dia- 
gram, giving the results of experiments made with drops at various rates, and by 
this means such corrections could be applied to the registrations of the instru- 
ment as would make it perfectly accurate. The second rim was placed round 
the inner receiving vessel in order that the gauge should be uniform in exposure 
with an ordinary 5-inch rain gauge. The price of the instrmnent was about 
Jb7 lOs. 
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ON WET AND DRY BULB FORMULiE. 

By Pbof. J. D. EVERETT, M.A., F.R.S. 
(Communicated by G. J. Symons, F.R.S. , Secretary.) 



[ReoeWed Oetober 2lBt.--Bead NoYember 18th, 1891.] 

[The following Paper was written by Professor Everett many years since, 
while he was engaged upon the translation of DeschaneFs Traite Elementaire 
de Physique. It has never been published, and believing that it was very 
desirable that that should be done, I have asked and obtained the author's 
permission to oflfer it to the Royal Meteorological Society. — G. J, S.] 

August on the Continent of Europe, and Dr. Apjohn in this country, inves- 
tigated, independently of each other, a method of determining, by calcula- 
tion, the maximum vapour tension for the dew-point from the temperatures 
of the dry and wet bulb. August's investigations are contained in Poggen- 
dorff't Annalen for 1825 and 1828, and Apjohn's in the Phil. Mag. for 1885 
and the Trans. RI.A. for 1887. 

The physical principle assumed by both investigators is precisely the 
same. Dr. Apjohn (Trans. R.I.A. Vol. XVII. p. 277) states it in the 
following very distinct terms : — 

" When in the moist-bulb hygrometer the stationary temperature is 
attained, the caloric which vaporises the water is necessarily exactly equal to 
that which the air imparts in descending from the temperature of the atmo- 
sphere to that of the moistened bulb ; and the air which has undergone this 
reduction becomes saturated with moisture." 

August's statement of it (Pogg. Ann. V. 1825, p. 76), literally translated 
from the original German, is as follows : — 

** The air around the moist thermometer will, in the nearest layer, which 
we may take as thin as we please, assume the temperature of the thermo- 
meter, and will be in a state of saturation at this temperature, inasmuch as the 
vapour already contained in it is, by that newly evolved, increased to the 
maximum. The immediate surrounding of the thermometer (a space bounded 
perhaps by two concentric very near spherical surfaces), in which we can 
assume equal temperature with the thermometer and maximum vapour 
density, we shall in our examination lay as foundation. 

*' There are in this space three constituents : (1) dry air ; (2) atmospheric 
vapour (denoting by this name the quantity of vapour which the surrounding 
air already contains) ; (8) newly formed vapour. 

*'The first two constituents have evidently yielded up their heat to assist in 
t|ie formation of the third. Thus what the dry air and atmospheric vapour 
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have lost in heat| the newly-formed vaponr has rendered latent in its forma- 
tion.** 

With these assumptions, if we know the specific heat at constant pressure 
of the external air, which it is to be noted is not dry air, the latent heat of 
vaporisation at the temperature of the wet bulb, the relative density of 
vapour at this temperature, and the height of the barometer, and if we have 
also a table of maximum vapour-tensions for different temperatures, we can 
easily form an equation which gives the tension of the vapour in the external 
air, and this is the same thing as the maximum tension for the dew-point ; 
hence, by reference to the table, the dew-point is known. 

In fact the mass of the external air, or what August calls ihejint two con' 
siituenU of the saturated film, is to the mass of the third constituent, the 
newly-formed vapour, as the barometric pressure is to the product of the 
pressure of this newly-fqrmed vapour by its relative density. But the pres- 
sure of the newly-formed vapour is the excess of maximum tension for the 
wet bulb temperature above maximum tension at the dew-point. The masses 
are therefore as A : P (f — F), 
and we have the equation 

s{t — V)h = LD{f—V) (1) 

where 

t = temperature of dry bulb / = maximum tension for t 

V = temperature of wet bulb /' = u ^' 

T= dew-point F= „ T 

s = specific heat of the external air 
h ^ barometric pressure 
L = latent heat of vaporisation 

D = relative density of vapour as compared with the external air at the 
same pressure and temperature. 

Equation (1) may be written 

g 1 

Dr. Apjohn treats fy. as a constant quantity, and gives it the value ^^^ 
or g^ X OQ* This is for the Fahrenheit scale. Beduced to suit the 
Centigrade scale, Dr. Apjohn's value becomes jt^q. 

The value finally adopted for jji was 57773777. 

Regnault, in a very elaborate paper in Ann, de Chim. Vol XV. published 

•429 
in 1845, computes on August's principles the theoretical value k^t: „ but 

states that, when the relative humidity exceeds 0*40, a much better agree- 
pient with observation is obtained by adopting the value ^^ r,. In all 
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these cases, the temperatures of ohservation are supposed to be above freez- 
ing, as the computation is modified when the wet bulb is frozen, We shall 
now proceed to compare these formulae at the wet bulb temperature 50°F. or 
10° C. 

Apjohn*s value of y-g is ~ttkq 

AVLSQSv S ••• ••• ••• ••• •• •* f\£k 

Begnault's theoretical value is rggg 

,, empirical ioKri 

I have now to call attention to an important circumstance which has been 
generally overlooked, namely, that in none of the theoretical investigations 
yet published have the latest and best determinations of specific and latent 
heat been employed. All three of the authors whom I have named employ 
the value of s (the specific heat of air) obtained by Delaroche and Berard, 
namely '267, whereas Begnault's experiments, which were conducted subse- 
quently to the publication of his paper on Hygrometry, give the value '287. 

For L, the latent heat of vapour, Apjohn adopts as sufficiently near for prac- 
tical purposes the constant value 1129 F. or 627 C. August adopts the value 
640 — 1\ and Begnault the value 610 — t', the correct value as afterwards deter- 
mined by Regnault being 606*5 — 695 1\ which, however, does not difier much 
^t ordinary temperatures, from the value actually employed by Begnault. 

As regards the relative density of steam P, the assun^ptions made by the 
three authors do not differ sensibly from one another, nor from the generally 
received value according to the (atest determinations ; this value m^y be t^kei) 

as '623, 

g 
Putting in the best values at present available, the value of jy: is 

606 5 — «695 t' ^^ ^*y Wt^-^lV temperature t* = 10° becomes 

1 . 



1576 ' 

This value, it will be observed, differs considerably from any of the four 
values, which have been tabulated above, and it differs most of all from that 

1 At average temperatures and pressures, this gives very nearly 

tensions being expressed in millimetres of mercury, and temperatares in degrees 
Centigrade. For inches of mercury and degrees Fahr. it gives 

^-^ = -95- 

and Begnaalt*8 empirical formula gives 

t' 

^ 84 
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value which Begnaolt empirically adopted as agreeing hest with actual analysis 
of the air, as well as with direct observation of the dew-point, the discrepancy 
amounting to some 25 per cent. 

It appears, then, that there must be some flaw in the theory as laid down 
by August and Apjohn. 

As regards this theory, I would remark in ^the first place that the funda- 
mental principle which has been assumed by both authors, and which I have 
given above in their own words, is obviously untrue. It involves two false 
assumptions : — 

(1) That all the air which loses heat to the wet bulb falls to the tempera- 
ture of the wet bulb. 

(2) That all the air which loses heat to the wet bulb becomes saturated 
with vapour. 

I think there can be no reasonable doubt that, when the wet bulb is in a 
current of air (and this condition is essential to its proper working), por- 
tions of air pass the wet bulb at such distances as to be cooled by all 
intermediate amounts between nothing and the maximum difference. Also 
that portions of air pass at such distances from the wet bulb as to acquire 
increments of vapour-tension of all intermediate amounts between nothing 
and the maximum increase. But August and Apjohn ignore both the heat 
lost and the vapour taken up by all air except such as undergoes both 
changes to the full amount. 

But false premises sometimes lead to a true conclusion, and in the present 
case the two false assumptions which I have pointed out tend to correct one 
another. It is by no means easy to pronounce whether their combined 
result would be to make the calculated dew-point too high or too low. If we 
suppose that the depression of temperature and the exaltation of vapour- 
tension are always proportional to one another, not only in comparing one 
particle with itself at different times, but also in comparing one particle with 
another, it will follow that the two false assumptions exactly correct one 
another, at least if it be true that some of the air is saturated at the tem- 
perature of the wet bulb. 

Probably, however, vapour diffuses less readily than heat ; so that, prac- 
tically, a larger mass of air is concerned in giving heat to the wet bulb than 
in taking up the vapour which is generated. This is why a better result is 
obtained by assigning an unduly large value to the specific heat of air than 
by assigning the true value. 

This difference in diffusive powers has more room to operate as the air is 
calmer, and is altogether overpowered by the forced convection which occurs 
in high wind. 

Moreover, it appears from Regnault's comparisons above referred to, that 
when the air was at more than four- tenths of saturation, it was necessary to 
modify the original formula in a way equivalent to assuming, instead of the 
already too large value of the specific heat of air, a value still larger in the 

YQ^liQ , but for air drier tlian this the original formula gave better 

429 
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results than the formula thus modified. This seems to prove that the 
superiority of heat to vapour in d illusive power is more marked in moist than 
in dry air. 

Other sources of error are, radiation to the wet bulb from surrounding 
objects, and| to some trifling extent, conduction down the stem of the wet 
bulb thermometer, both of which tend to increase the discrepancy which we 
are considering. The absolute- amount of radiation is proportional to the dif- 
ference of temperature between the wet bulb and surroundmg objects, and 
therefore increases with the dryness of the air, but the largest percentage of 
error from radiation must occur in the calmest weather, because calmness 
does not affect the activity of radiation, while it does greatly diminish the 
rapidity of convection and evaporation. 

All sources of error are exaggerated by calm. If it be the case, as Reg- 
nault's experiments seem to show, that, even in a strong draught, a better 
result is obtained by employing the erroneous value *267 for the specific heat 
of air than by using the true value '237, it seems to follow that the air in 
actual contact with the wet bulb is, so to speak, nearer to the temperature of 
the wet bulb than to saturation, that is to say, denoting its temperature by r 
and its vapour-tension by 9 — 

— is less than - 



t — V *— — /_/.' 

t — r — F 

whence -, — r, is greater than J, v, 

or the change which the air has undergone from its original condition is 
greater as regards temperature than as regards vapour-tension, if the greatest 
possible change be in each case the unit of comparison. 

In fjEiet, the correct equation which should take the place of (1) is 



J 8 {t — r) h dv=^ JLD (<i> — F) dv, 



dv denoting the volume of an element of air near the wet bulb. What I have 

indicated as probably the main source of the discrepancy observed by Reg- 

nault, may be expressed by saying that the limits for v are not the same in 

the two integrals, but are wider for the first member of the equation than 

for the second. In high wind this inequality cannot subsist, and the only 

way of compensating the assumption of an unduly large value for s lies in 

i^ 

assuming too large a value for --^ — . The value which has been assumed 

for the latter is '^ ;r» and I think we must conclude, from the evidence 

now before us, that, in a strong draught, ^_;— is really less than this. 

As I have only met with one critique on the principles of Apjohn and 
August, namely that of Regnault, and as it partly agrees with and partly differs 
from the views which I have just expressed, I shall give a literal translation of 

HKW SpaXBS. — VOL, 3^VII^ B 
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it. In p. 212 of his Article on ** Hygrometry,*' by way of explaining the dis- 
cordance between theory and experiment, he says : — 

** I do not think we can admit as the basis of calculation for the psy- 
chrometer the fundamental hypothesis adopted by M. August, namely, that 
all the air which fumislies heat to the wot thermometer descends to the tem- 
perature V indicated by this thermometer, and becomes completely saturated 
with humidity. 

*' The ratio of il\e quantity of heat which the air carries off from the hulb by 
evaporation of water to the quantity of heat xchich it loses by cooliny is pro- 
bably greatest when the air is driest, because in this state it is much more 
greedy of moisture than when it approaches its state of saturation. 

** Lastly, the temperature of the wet bulb is not only influenced by the air 
immediately around it ; it is subjected to the radiation of the enclosure, the 
influence of which will be variable according to the state of agitation of the 
air." 

The reasoning in the former of these paragraphs is not very clear. It 
seems to lose sight of the axiomatic principle that, when the wet bulb is re- 
maining steady at one temperature, it must bo giving and receiving equal 
quantities of heat. The heat which it gives is that which becomes latent in 
evaporation ; and if the heat which it receives frwn the air is less than this, 
it must receive from other sources (by radiation and conduction) an amount 
precisely equal to the difference. 

The practical conclusion which Regnault draws is, that theory can only 
indicate the form of the formula of reduction to be employed, and that the 
values of the constants must be determined empirically. 

In the presence of this uncertainty as to a rational formula, I think Mr. 
Glaisher did wisely in constructing his table of factors, which give the dew- 
point approximately by the most direct calculation which is admissible. The 
inherent difficulties of hygrometric observation and deduction are great, and 
have not yet been fully overcome. 



DISCUSSION. 

Mr. Gaster, after saying that meteorology was suffering from the want of a 
good and handy hygrometer, remarked that something ought to be done to give 
observers more confidence in the hyfnrometrical indications, and then the 
instrument would be better attended to. Ho had known several cases in 
which, through gross inattention to the covering and cleansing of the wet-bulb 
thermometers, the instriiiuent was rendered worse than useless for hygrometrical 
purposes. Then there is the painful fact that even when the greatest care is 
exercised, and the muslin changed, say, as often as once in three weeks, the indi- 
cations of the wet-bulb are by no means satisfactory, as it is foimd that at the 
expiration of that short period the condition of the muslin covering, though clean, 
has altered from what it was when first put round the bulb, so that the thermo- 
meter readings at the end of the three weeks are not to be compared with those 
at the beginning. When these facts are considered in connection with the doubt 
which hangs about the formulte employed, it is evident that the hygrometrical 
results at present used are of a most misleading character. 
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Results of Meteorological Observations made at Akassa, Niger 
Territories, May 1889 to December 1890. 

By frank RUSSELL, F.R.G.S., F.R.Mct.Soc. 



[Beceived September 3rd.— Read November 18tb, 1891.] 

These observations were resumed on May 22nd, 1889, and have been con- 
ducted upon the methods and with the same instruments as during 1887 and 

1888, described in the Quarterly Journal, Vol. XV. p. 199, with the addition 
of earth temperature. The interval includes 689 days ; the actual number 
upon which the observations were made is reduced to 508, the omissions being 
14 days in October 1889, the months of October, November, and 6 days in 
December 1890. 

Barometer, — The mean pressure for this period is 29*982 ins. The highest 
recorded 80'187 ins. on July 29th, 1890 ; the lowest 29'786 ins. on December 
' 19th, 1889 ; the difference being 0*402 in. The monthly inequalities are for 
August 1889 and July 1890 in excess, whilst for December 1889 and February 
1890 occur the greatest defects. These divergences are represented by 
0'188 in. in 1889, and 0*179 in. in 1890. The oscillation was greatest in 
December 1889, 0*295 in., and June 1890, 0*222 iu., and least in August 

1889, 0*122 in., and July 1890, 0*134 in., the mean for the period being 
0-184 in. 

Temperature. — The highest means are for the months December to April, 
and the maximum for the year occurred during the early days of April. The 
lowest means are registered for August and September, and the minimum for 
the year about August 8th. The difference between the maximum and mini- 
mum temperatures for each month is greatest from November to January. 

The mean temperature for September was 1^*5 below the mean for the 
whole period, that for April 2°*4 above, and the mean temperature of these 
months differs but 0°*3 from the general mean 77°*9. 

The highest temperature recorded in the shade was 91°* 5 in December 
1889, being 1°*8 over the average for that year, and 13°* 2 above the general 
mean. The lowest, 60°* 5, occurred in August 1890, the difference from the 
average being 8°*G, and from the mean 17°*1. The range of temperature is 
thus 31°*0 for the period, that for any single day was as high as 22°* 5. 

Temperature of Soil, — At a depth of three feet the range of temperature 
recorded was 3°*5, highest 81°*9 iu August, and lowest 78°*4 in July. The 
mean temperature derived from the depths one, two and three feet was 80°* 1, 
which differs about 2°*0 from the mean shade temperature of the air at the 
same hour, 9 a.m. 

Radiation, — The highest recorded temperature in the sun*s rays was 155°*2 
in October 1889. The lowest on grass was 56°*8 in August 1890. The 
annual range was thus 98°*9. The mean monthly range was 64°*8, that for 
June 1890 being below, and October 1889 above, 
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Sunshine. — The average duration of bright sanshine recorded was 251 % 
of the possible omoant, and was greatest in the month of August 1890. Thia 
was an unusually hot and dry period for that year, ehowing an excess over 
both 1886 and 1889. September 1880 gives the smallest result, being bat 
9^ %■ Although in no inatnnco is a very high average reached ; the interval 
flomprised between November and May gives a fairly good continuous result. 

Vaponr-lensioti. — The actual amount of vapour present in the atmosphere 
is greatest in the months of April and December, and least during July- 
August. The mean difference is about one-seventh of the average qnautitj. 

The mean percentage of relative humidity was highest in September and 
lowest in July. 

Rainfall. — Most rain falls in September, and least in January. The- period 
of wet days is embraced by the months July to October, and the dry season 
by those of November to February. The number of days upon which rain fell 
was 279, or 66J % of those on which observations were made. The total 
measured 283-G2 ins., and of this 57i% ^^* '^^^ ^ wmds from South-west 
by West to North, 15 % to those from North-east by East to South, The 
largest amounts of rain occurred on August 28th, 1889, when 8-86 ins. fell in 
84 hours, wind South-west, and on September 15th, 1890, when 6'70 ins. fell, 
wind West veering to South to calm. 

Wind. — The mean hourly velocity per day was 5'6 miles, per night 
2'8 miles, and was highest during the rainy season and lowest in the dry. 

Cloud. — On the average ^tha of the sky was obscured hy clouds, which 
were most prevalent from June to November and least during January. 

Fogi and Mittg, tCc. — These are common throughout the year ; their in- 
tensity is greatest in June and July, and least m May and September. Dew 
b deposited from November to May, most copioosly during February to April. 
Unusual visibility of distant objects occurs between the heavy rain, which it 
appears to precede closely. Halos not seen, lanar corontc and rainbows 
seldom. Hormatton dust during November and Beccmbcr is sufficiently dense 
to cut off the sun's rays of light, but not his heat, which at midday ia oflen 
intense. At those luontha sand-dios and fire-flies are abundant during the 
nights, whilst during the daylight of November 19th, 1889, wo were visited 
hy swarms of gadflies. In the wet season, when the nights are calm and 
pressure high, the air is stifling, and so depressing as to make it almost 
impossible to sleep, 
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FAectmal Plienometm were frequent. Heavy thunderstorms occurred 
during April, May and Juno, in March and December thunder alone, and in 
April and May lightning alone. On August 27th, 1889, a thunderstorm 
commenced at 11 a.m., wind North- west, with heavy rain at 2 p.m., and the 
downpour continued for several days. At 9 a.m. 28th, gauged 5*81 ins. ; 
6 p.m. same day 8 J ins. ; 29th, 9 a.m., this had swollen to 8'85 ins. ; 
6 p.m., 8*75 ins. ; 9 a.m. 30th, 4*88 ins. ; and 9 a.m. 81st, 2*85 ins., making 
a total for four days of 21*84 ins. Wind veering to South-west followed by 
settled calm. 

The period has been a very unhealthy one, and the year 1890 especially so. 
The weather was exceptionally dry, with small-pox and phthisis amongst the 
native population. The West Coast reports generally were also unfavourable 
in reference to the condition of resident Europeans, and at the principal ports 
quarantine regulations were put in force, consequent upon an outbreak of 
yellow fever in places situated to the south-west. At Bonny 10 deaths oc- 
curred from November to February, out of a population of some 16 Europeans. 



REPORT ON THE THUNDERSTORMS OF 1888 AND 1889. 

By WILLIAM MARRIOTT, F.R.Met.Spc, Assistant Secretary. 

(Plates III. and IV.) 



[Read December 16th, 1891.] 

At the end of the year 1887 the Council, at the request of the Hon. Ralph 
Abercromby, decided to take up the systematic investigation of Thunder- 
storms over the South-east of England, a grant of £25 having been obtained 
from the Royal Society for the purpose of defraying the cost of printing 
forms, observation books, &c. 

In order to organise the observations, the Council appointed the Thunder- 
storm Committee, who prepared instructions and forms, and issued circulars 
to all rainfall observers in the South-east of England, as well as to the 
Fellows of the Society, asking them to make certain definite observations on 
all thunderstorms that might occur in their neighbourhood. In response to 
this appeal 92 persons promised to send in observations of thunderstorms 
from the South-east of England and 181 from other parts of the country. 
Some of these persons failed to send in any reports for 1889, as in that year 
observations were only received from 61 places in the South-east of England, 
and from 119 places in other parts of the country. 

Instkuctions. 

The instructions to the observers were the following : — 



^4 MARRIOTT — REPORT ON THE THUNDERSTORM.^ OP 1889 AND 1889. 

ROYAL METEOROLOQICAL SOCIETY. 
Instructions for Thunderstorm Observers (1888). 

Observers are divided into three classes : — A, B, and C. 

Class A are expected to iiU up so mnch of the form as is headed A ; but may 
add anything they may have observed that comes under B or C. 

Class B are expected to fiU up so much of the form as is headed both A and B ; 
but may add under C. 

Class C are expected to fill up A, B, and C, besides adding anything else they 
may think noteworthy, especially sketches or height determinations of clouds. 

No one is to be deterred J vom fillina up part of a form because he cannot fill all. 

Every observer will be furnished with : — 

1. A strongly -bound pocket-book containing the form of observations in which 
the original records are to be made. 

2. Twelve forms of observations, on paper suitable for transmission by post. 
The records from the pocket-book will be copied into this in ink, and forwarded 
within three days of the occurrence to the Assistant Secretary of the Royal 
Meteorological Society. 

A separate form will be used for each thunderstorm, however many there may 
be on the same day. Thunderstorms will be considered distinct when they are 
separated by more than one hour without thunder or lightning. 

Date. — The date of a thunderstorm will be reckoned for the day on which it 
commenced, <!.^., if the storm began at 11 p.m., SOth July, it wiU be counted 
for the SOth, even though it may last till 4 or 5 a.m. on the 8lBt. 

When only three blank forms remain, make a memorandum to that effect on 
the front page of the form you send, and a fresh supply will be forwarded. 

General Character. — Thunderstorms are of many types — for instance, 
there is the well-defined thimderstorm ; the squall with thunder ; and periods of 
ill-defined rainy weather when lightning is seen flickering and thunder heard 
growling all mght among mountains. Then there is sheet lightning, thunder 
without lightning, and so on. This line might be filled up by the following 
epithets : — ^Well-defined storm ; squalls or showers with thunder and lightning ; 
iU-defined thunderstorm, or thundery period ; thimder without lightning ; sheet 
lightning. 

Intensity. — 1. slight ; 2. moderate ; 8. severe. 

Near or Distant. — Near, if any thunder is heard less than ten seconds after 
the flash of lightning ; distant, if the shortest interval is more than ten seconds. 
Scratch out the word "near " or " distant " as the case requires. 

If no seconds watch is available, eleven or twelve beats of the pulse» according 
to the temperament, may be employed instead. 

Time. — This should be noted to the minute ; the watch or clock used should 
be corrected once a week by the nearest railway or telegraph station or post- 
office clock. 

Direction of Thunder or Lightning.— This should be reckoned to eight 
points, N. ; N.E. ; E. ; S.E ; S. ; S.W. ; W. ; and N.W. N.B, True North cor- 
responds to about N.N.E. of the compass. 

Thunder, Lightning, Rain, Hail. — When some of these do not occur, 
write — none. Do not leave the space merely blank. 

Wind. — Direction to eight points : — N. ; N.E. ; E. ; S.E. ; S. ; S.W. ; W. ; 
and N.W. Force on Beaufort's scale, 0-12 ; being dead cahn ; 12, a hurri- 
cane. Note especially under the next heading of" General Remarks," the time 
when any hot or cold blasts occur. 

General Remarks. — State anything you notice, such as if the wind came in 
a well-defined squall, or any other pecuharity of the storm. If the space in this 
part of the form is too small, there is abundance of room for notes on the front 
page. 

Was Storm Destructive?— Yes or no. Give details of any destniction and 
names of sites of damage under " General Remarks." 

Least Number of Seconds between Lightning and Thunder. — Time 
this if possible. 

Other Electrical PHENOMENA.--Note " St. Elmo's Fire," Aurora, Ac, 
^ithin twelve hours of storm or anything else of interest. 
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Form, Colour, and Description op Flashes. — Note whether sheet, forked, 
beaded, bomb-like, thunderbolt, &c. Also if the flashes rise from or fall to the 
ground. Note also the colour. 

Clouds (Form). — This cannot be done too carefully or minutely. Note par- 
ticularly the shape and time of formation of the first clouds in front of the rain. 
Sketch, or still better, photograph whenever possible. 

Pressure, Temperature. Humidity, Wind and Cix)ud Direction. — Insert 
as much of this as you can ; the form need not be completely filled up. Wind 
and cloud are the most important. Note most carefully the Erection to which 
successive layers of cloud are going one above the other, and do not mix up the 
observations on different levels. There are often four or five to be distinguished. 
Barometer readings should be corrected both for temperature and altitude. 

Time for C. Observers. — Though the time at which any phenomenon occurs 
— ^time of first rain, time of wind shift, &c., is of primary importance, instru- 
mental readings at every even quarter of an hour — e.g, 4, 4.15, 4.30, &c.— are 
specially requested, as this facilitates comparison. 

Newspaper Cuttings. — All observers are requested to send the Society any 
cuttings from newspapers that refer to any notable storms. 

Form for Observations. 

The form for observations is given below. Very few of tho observers, 
however, furnished particulars as to the forms and motion of the clouds. 
Such information would have been most valuable. 



Station 
On 



the 



0/ 



Reference No, 
188 



General Character 
Inienrity 




Near or Dietantl 


First heard at 
THUNDER Loudest „ 
(Last 


h. 


m. m. in the 

If »» »f 

M ••» IJ 


LIGHTNING First seen at 
(indading Brightest „ 
Sheet) ( Last „ 


h. 
>* 


m. m. in the 
>f i» »» 

»t »i It 


RAIN Beganat h. 

HAIL 


m. 


Heaviest at h. m. Ended at h. m. 
II II 


B 




Before Storm. 


During Storm. 


After Storm. 


Direction . . 
WIND 

Force (0—12) 









GENERAL BEMABES for A. B. Sb C. 



lAnAI 



Was storm destructive ? 

Least Ko. of sees, between Lightaing and Thunder 



sees, at 



m. 



m. 



ge 
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Other electrical phenomena. 

Form, colour, and description of flashes. 



CLOUDS (form). 



PRESSURE, TEMPERATURE, HUMIDITY & CLOUD (Direction). 



1 

Time. ! Baroiia. 

1 


Thermom. 


Wind 


1. 


CLOUD (Direction) and 


Dry. 


Wet. 


Direction. ; Force. 


BEMABKB. 


( 




1 




i 

1 t 


1 


1 
1 

1 




1 

1 ' 






1 1 , ' 





Method of Discussion. 

As Mr. Abercrombj was unablo, owing to ill-health and absence from Eng- 
land, to supervise the discussion of the very large mass of printed and other 
materials that have been received, the Council requested me to undertake the 
discussion of the observations as a special investigation. I should very 
much have preferred that Mr. Abercromby should have superintended the 
discussion, as he was the originator of the scheme and had definite ideas as 
to the objects to be accomplished, and also as to how they might be attained. 
The investigation being an entirely new one, I have had to proceed on new 
lines, and have, consequently, not been able to consult with, or to avail myself 
of the advice of, anyone who had already worked at the subject. 

The discussion has been confined to the observations made during the years 
1888 and 1889. 

In this investigation the time of the hearing of the first peal of thunder 
has been taken as the commencement of the storm. 

By a further grant from the Royal Society an additional computer was 
engaged to assist in tabulating the large mass of materials which the 
Society had collected respecting thunderstorms. 

The first step was to read out from the reports the times of the first 
thunder in each storm, and to enter them into forms of hourly frequency for 
each station, and also to plot the same on large maps specially prepared for the 
purpose. The second step was to enter and plot the times of sheet lightning. 
The third step was to note and plot the occurrences of hail. The fourth step 
was to ascertain and mark on the maps the positions of the places at which it 
was reported that any damage by lightning had occurred. Different symbols 
were employed for indicating (1) loss of human life; (2) loss of animal life 
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{e.g. sheep, cattle, horses, &c.) ; and (8) structural damage {e.g. houses, 
buildings, trees, &c.). This last was a tedious and difficult proceeding, as all 
the newspaper reports had to be carefully examined and the sites of the 
various places (very often practically almost unknown and therefore most 
difficult to find) ascertained. 

The Thunderstorm Committee decided that the stations should be 
arranged according to the Divisions adopted by the Begistrar-General of 
Births and Deaths, and also employed in Symons*8 British Rainfall, The 
maps were accordingly printed with these Divisions marked on them. There 
are eleven Divisions, which contain the following counties : — 

Division. Oounties. 

I. Middlesex. 

n. Surrey, Kent, Sussex, Hampshire, Berks, 

m. Herts, Buckingham, Oxford, Northampton, Huntington, Bedford* 

Cambridge. 

IV. Essex, Suffolk, Norfolk. 

V. Wilts, Dorset, Devon, Cornwall, Somerset. 

VI. Gloucester, Hereford, Shropshire, Stafford, Worcester, Warwick. 

Vn. Leicester, Rutland, Lincoln, Notts, Derby. 

Vin. Cheshire, Lancashire. 

IX. Yorkshire. 

X. Durham, Northumberland, Cumberland, Westmoreland. 

XI. Monmouth and Wales. 

These Divisions are not by any means of the same size, No. I. consisting 
only of the small county of Middlesex, while Nos. n. and Y. together comprise 
the whole of the south of England. I have not, however, except in Table 
I., confined myself to these Divisions, as the observers were not sufficiently 
numerous to be representative of the whole of the Divisions. In fact, for a 
complete investigation into thunderstorm phenomena, the country should 
be studded with observers not more than five miles apart. 

I fear that all the observers have not reported everg thunderstorm that has 
occurred in their neighbourhood, as at some stations the totals are very 
small compared with others close by where the observers have been on the 
watch for thunderstorms. Bearing this in mind, and as it is also not possible 
to weight the observations, I have not considered it desirable to give hero 
the details for each station. 

Days of Thunderstorms, Lightning and Hail. 

The stations reporting the greatest number of days with thunderstorms 
were as follows : — 

Days of Thunderstorms. 

1888. 1889. 

Bennington, Herts 86 Tean, Stafford 88 

Tean, Stafford 25 Bennington, Herts 82 

Rowington, Warwick 20 Eounton, Yorks 26 
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plotted thereon. These particulars incladed the times of the first and last 
thonder, the times of the commencement and ending of the rain, the occur- 
rence of hail, the direction and force of the wind before, daring, and after the 
storm, and also the changes in the temperature of the air. At first it 
seemed only possible to trace clearly the paths of a few storms, as the ob- 
servers did not always distinguish between separate storms. But the times 
of the commencement of the rainfalls greatly assisted in tracking many other 
storms. 

From these maps it is evident that several storms occurred often in the 
same neighbourhood, sometimes running nearly parallel with each other, 
sometimes following one another, and sometimes even crossing or merging 
into each other. 

Specimens of these maps are given in Figs. 1 and 2, Plate in. The black 
circle indicates the position of the station at which thunder was heard. 
The figures give the times of the first and last tliunder, and of the com- 
mencement and ceasing of the rain. Hail is indicated by the symbol A. 
The small arrows show the direction of the wind before, during and after the 
storm. The long arrows indicate the track of the storms. 

A good example of three storms crossing or merging into one another 
occurred in the neighbourhood of London on June 6th, 1889 ; an evening 
long to be remembered for the brilliant display of lightning. One storm 
came up from the south-east and passed over the east of London; the 
second storm came up from the south- south-east and passed directly across 
London ; while the third storm came up from the south- south-west, and 
passed over the western suburbs. The three storms apparently reached the 
north of London within a few minutes of each other. (Fig. 2, Plate UI.) 

Thunderstorms appear to travel at an average rate of about 18 miles per 
hour in ill- defined low barometric pressure systems, but at a higher rate 
in squally conditions. Numerous observations from stations very close 
together are required to determine satisfactorily the length and path of 
thunderstorms. I am inclined, however, to think that individual thunder- 
storms do not travel more than about 20 miles. 

Thunderstorms evidently take the path of least resistance, and consequently 
are most frequent on fiat and low ground. 

Relation of Thunderstorms to the Distribution op Atmospheric 

Pressure. 

As already mentioned, it was originally decided by the Council that the 
Thunderstorm investigation should be confined to thunderstorms over the 
south-east of England. This area answered fairly well for tracking the 
paths of such storms as occurred in that district, and for determining their 
rate of travel. But for the purposes of investigating the relation of thunder- 
storms to the distribution of atmospheric pressure, this region is much too 
circumscribed. I have, accordingly, not confined my attention to this dis- 
trict only, but have taken the whole of England and Wales. 

I carefullv examined the Daily Weather Charts, kindly placed at my dis- 
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posal by the Meteorological Council, for each day on which a thunderstorm 
was reported. It soon became apparent that thunderstorms usually occurred 
when the isobars showed large areas of ill-defined low pressure, or when there 
was a "lane " or trough of low pressure between higher pressure on each 
side. There was also an occasional slight deflection of the wind at some of 
the stations. Mist or fog was very frequently prevalent. The height of 
the barometer does not appear to have any effect on the formation of the 
storms, for they have occurred with pressure as high as 80*4 ins. on May 
21st, 1888, and with pressure below 29*0 ins. as on March 26th, 1888. 

After examining a large number of these Daily Weather . Charts with the 
Thunderstorm Maps, it appeared to me that further information might bo 
obtained if charts were prepared showing the isobars for hundredths instead 
of tenths of an inch. As this was an extensive and laborious undertaking, I 
hesitated for a long time over the matter. Ultimately I decided to take the 
month of June 1888 (as thunderstorms were very frequent during that 
month), and to prepare charts for 9 a.m. and 9 p.m. for each day, showing 
1. Isobars for two hundredths (*02) of an inch : 2. direction and force of the 
wind ; 8. temperature ; 4. relative humidity ; and 5. vapour tension. For 
the preparation of these charts I used all the observations from the Society's 
Second Order and Climatological stations, and also from the Second Order 
stations of the Meteorological Office, as well as observations which I obtained 
by special request from a number of stations. 

An examination of these detailed charts revealed the fact that instead of 
the pressure being so very ill-defined, as appeared on the Daily Weather 
Charts, there were frequently a number of small but distinct areas of low 
pressure, or cyclones, with regular wind circulation ; and that these small 
cyclones passed over the districts from which the thunderstorms were 
reported. Sometimes it was not possible to make out well formed areas of 
low pressure for two hundredths of an inch, but there was a deflection of the 
wind which showed that there was some disturbing cause ; and thunderstorms 
had usually occurred in that immediate neighbourhood. In addition to the 
direction of the wind, the direction of the motion of the clouds and upper 
currents were also plotted on the charts. When these showed diflerent cur* 
rents thunderstorms were almost invariably reported. 

An interesting example is afibrded by the charts of June 25th, 1888. At 
9 a.m. the clouds and upper currents over the whole of the south-east of 
England were moving in a diflerent direction to that of the surface wind, 
which was evidently aflected by local disturbances. Over this district there 
were some thunderstorms in progress at that time, and others occurred a 
little later. (Figs. 8 and 4. The directions of the clouds and upper 
currents are shown by dotted arrows.) 

The 9 p.m. chart shows a trough of low pressure reaching across the 
southern part of England from the south-east coast and covering the whole 
of Wales, and enclosing two low centres of 29*92 ins. Thunderstorms of a 
destructive nature occurred over nearly the whole of this district during the 
day. (Figs. 8 and 5.) 

mW 8SBIB9. — ^VOL. XVm. 
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The thnnderstorm depressions seem to circulate ronnd the areas of lowest 
pressure in shallow depressions, and to travel in the direction of the prevail- 
ing wind. This is shown on almost all charts, when the region of lowest 
pressure comes well over England. 

I was for a long time puzzled to know why it was that occasionally 
thunderstorms would pass over a station in the morning from one direction, 
and that in the evening they would come up from an exactly opposite direc- 
tion. A good instance of this occurred on June 26th, 1888. In the morning 
a thunderstorm travelled from the east and passed over Greenwich a little 
before 8 o'clock ; -and in the evening another thunderstorm came up from the 
south-west or west and passed over the same place. 

A copy of the records from the Greenwich barograph and anemograph are 
given in Fig. 9, Plate W, From the isobaric charts it appears that in the 
morning a thunderstorm depression was passing over Greenwich in a westerly 
direction on the northern side of the area of low pressure ; and that in the 
evening another depression passed in an easterly direction on the southern 
side of the area of low pressure. (Figs. 6, 7 and 8.) 

OCOUBBBNCES OF ThUNDEBSTOBMS ON CONSECUTIVB DaTS. 

The areas of ill-defined low pressure frequently remain much the same for 
several days together, and so thunderstorms may occur on successive days, 
and often about the same hour. 

Table IV. shows the occurrences of thunderstorms on consecutive days 
during the two years 1888 and 1889 ; from which it will be seen that there 
wore two instances in each year of thunderstorms having occurred on 9 or more 
consecutive days. In July 1888 thunderstorms occurred on 15 consecutive 
days. 

" Line ** Thundebstorms. 

In the preceding remarks I have almost entirely confined my attention to 
thunderstorms which are associated with ill-defined low barometric pressure. 
There are, however, two other types to which I must refer, viz. 1. " Line " 
thunderstorms ; and 2. Thunderstorms accompanying large barometric de- 
pressions. These latter usually occur in winter, and are frequently asso- 
ciated with squalls. 

I have already brought to the notice of the Society two instances on 
which a series of thunderstorms were tracked across England in a direct 
line from south to north for over 400 miles, the rate of progression being 
60 miles an hour. These thunderstorms occurred during the night and early 
morning. It is remarkable that on each occasion thunderstorms which were 
both destructive and slow in motion prevailed during the following afternoon 
over a large area. (Figs. 10 and 11.) 

These thunderstorms arc so interesting that it seems desirable to quote the 
account of each from my previous papers. 
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9 England in a direct 



Uat 18(h-19th, 1688. 

The atonn on the night of the 18th-19th pused b 
line from sonth to nortii, at the rate of 60 mUes an hour. 

Thnnderwae first heard at ChriBteburch, Hanta, at 8.16 p.m. Lightning woe 
6nt leen at ToUon, near Southampton, in the soath at 7.G8 p.m. The Btorm 
then progreiaed in a northerly direction, thunder being heard at Beckford, near 
Tewkeatraiy, at 0.52, and at Worcester ahont lO.O. The storm passed a little to 
the weet of Birmingham, where the lightning was incessant and very vivid 
between 10 and II p.m. Thunder was heard at Upper Tean at 10.40; at 
Moncbeeterat 11.69; at Oaratang at 0.30 a.m. ; at Windermere about 1.80; at 
Kurkby Thore at 1.45 ; at Carlisle about 2.0 ; and at Edinburgh about 4. The 
Btorm evidently reached Cupar Fife at 4.S, aa the Fife and Kinross Asylum woe 
strnck by Lghtning at that time and set on fire. 

In addition to the reports of thunder given above, many observers in various 
partH of the ootmtry saw lightning during the evening and night of the ISth. 
Where they have given the time and direction in which the lightning was seen, 
it has been found that these agree precisely with the poaitiong of the thnnder- 
atorm at those times, although the observers, in two cases at least, were more 
than 100 miles from the storm. 

At Babbacombe, near Torquay, lightning was seen in the east-north east at 
6.80 pjn., and in the north-east at 9.12 ; at Earestock, in the sonth.weat, at 
8-25, and in the north-north-west at 10.0 and later; at Mere, in the north-east, 
at 9.0; at Chnrchetoke, in the south-east at S.46 ; at Berkhomated, in the 
BOTth-west at 10; at Upper Tean, in the sonth at 10.10, and in the north-west 
at 11.80; at the Eew Observatory, in the north-west at 10.80: fA Manohester, 
in the north-west at 0.60 a.m. ; at Chester, in the north at 1.0 ; and at Eirkbj 
Tbore, in the north at 8 a.m. 
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It will thus be seen that this thonderstorm came up firom the English Channel 
about 8 p.m. on the 18th, passed across the country m a north by west direction, 
and reached the Firth of Forth by 4 a.m. on the 19th. The distance traversed 
was over 400 miles, the rate of progression of the storm being 50 miles an hour. 
{Quarterly Journal, Vol. XIV., p. 296.) 

June 2nd, 1889. 

On Sunday morning, June 2nd, a thunderstorm passed across England in a 
northerly direction from Wiltshire about 8 ajn., and reached Edinburgh at 
10.44 a.m. The times of the occurrence of the first thunder at several places 
are given on the map (Fig. 11). From these it will be seen that the storm pro- 
gressed at a nearly uniform speed over the 400 miles, the rate of travel being 
about 50 miles an hour. A few notices of thunderstorms in the east of Scotland 
during this day were published in the newspapers, but the times were not stated. 
If these referred to the storm under discussion, it is possible that it travelled 
still further north, and reached Kirkwall in the Orkneys at 8.87 p Jn. If this 
should be the case, we have the very remarkable and mteresting instance of a 
thunderstorm travelling firom south to north in a straight pa£ for fully 550 
miles at the uniform rate of 50 miles an hour. 

This storm was very similar to that which occurred on May 18th- 19th, 1888. 

Large hailstones fell at a few places, the following being the size of the largest 
stones : — 

Droitwich.— One weighed over 8 ozs. 

WoLLASTON. — Some were 1^ in. and 1 in. in diameter. 

Bolton. — ^2 to 8 ins. in circumference. 

Meltham, Yorks. — About the size of marbles. 

This storm was not very destructive, oxily four cases of damage by lightning 
being reported. (Quarter ly Journal ^ Vol. aV. p. 219.) 

The Weather Charts for 8 a.m. on May 19th, 1888, and Jane 2nd, 1889, 
are reproduced in Figs. 12 and 18. From these it appears that the atmo- 
spheric conditions were somewhat similar on both occasions. 

Thunderstorms accompanyino large Barometric Depressions. 

Thunderstorms accompanying large barometric depressions osually occur 
in the south-east quadrant, and at some distance from the actual centre of 
the depression. An instance of this type was given in my paper " The 
Great Storm of January 26th, 1884," in which I stated :— 

" Thunderstorms occurred on the south-eastern side of the depression, and 
travelled in an eetsterly direction at the rate of about 80 miles an hour across the 
South of Ireland and the greater part of England to the East Ck>ast. These 
thunderstorms were most probably associated with a subsidiary depression, 
which was no doubt the cause of the bulging out of the isobars over the South 
of England." (Quarterly Journal, Vol. X., p. 115.) 

Thunderstorm Formations. 

Thunderstorm formations appear to be small atmospheric whirls— in all 
respects like ordinary cyclones. As the wind nearly always DeJIs light or 
ealm daring their occurrence, while there is considerable and often violent 
motion in the clouds above, and as the thunder-clouds are of no very great 
altitude, it is most probable that the whirl is confined to a stratum of air at 
only a little distance above the earth's surface. The whirl may vary from 
one mile to ten miles or more in diameter. Sometimes a violent wind occurs 
during a thnnderstonn ; this probably takes place when the storm is of lovr 
altitude. 
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There are Qsnally several whirls near together or following one another 
along the same track. 

Dr. F. G. Smart, of Mount Ephraim, Tunbridge Wells, in a letter referring 
to seyeral thunderstorms which occurred on two days in August 1891, 
writes : — 

'* There were five on each of the two occasions when they attracted my atten- 
tion. They were on both occasions moving in an easterly or south-easterly 
direction. The first time, when I was longer on the tower and noticed them 
more particularly, there was one to the south of us, which passed away to the 
east ; at the same time there was another over Crowborough, which followed it. 
A third was away to the north-east ; a fourth was apparently following it along the 
southern slope of the Sevenoaks Hills ; this was the most beautiful, so attracted 
my attention more than the others. There was bright sunshine on each side of 
the rain. The shower did not seem more than a mile wide, and was travelling 
rapidly. The fifth was to the north-west, and at first appeared to be following 
the last, but altered its course (or seemed to), and came over us, driving me firom 
the tower. On the other occasion the positions were very similar, but none 
came over us.*' 

Babometbio Oscillations. 

The numerous oscillations in the barometric curve are evidently due to tho 
passage of a succession of atmospheric whirls. The Greenwich barographio 
record for the night of September 2nd and 8rd, 1889, contains a large number 
of oscillations, and by comparing these with the anemometer record it is 
seen that at the time the oscillations occurred in the barometer, changes took 
place simultaneously in the direction of the wind. (Fig. 14.) 

It appears that lightning strokes occur most frequently when there are 
numerous oscillations in the barometric trace. A very good example of this 
took place on the night of September 2nd and 8rd, 1889, just referred to, 
when much damage by lightning occurred over Kent and Essex. (Fig. 15.) 

I believe that probably heavy rain falls when the mercury in tho barometer 
jumps up suddenly two, three, and even four hundredths of an inch, as it 
does sometimes in thunderstorms, especially at their commencement. 

MoTVements of Clouds. 

The movements of the clouds in thunderstorms have often puzzled the 
observers, and the reports have consequently been very meagre. But by 
carefully watching the clouds during the progress of a thunderstorm one can 
readily distinguish several different currents, which apparently circulate 
round the storm like an ordinary cyclone. Most people are familiar with 
what is called the '' angry '* appearance on the lower surface of the thunder- 
cloud. I have often watched this, and seen fragments of clouds form and 
grow. This is evidently due to an upward current of air. The upper part 
of the thundercloud usually appears like a hard massive cumulus. The sum- 
mit of this cloud sometimes seems to spread out into a kind of cirrus, which 
may possibly be the outflow of tho upward current already referred to. Above 
all this we frequently see other clouds, which arc moving slowly in the direc- 
tion of the general prevailing wind. The thunderstorm disturbance is there- 
fore evidently below these clouds, and must, consequently, be confined to a 
stratum of air at no great distance above the surface of tho ground. I have 
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not been able to get any measurements of the altitude of these different cur- 
rents, but I cannot help thinking that our average thunderstorms do not 
extend beyond 4,000 or 5,000 ft. above the earth's surface. 

I must express my thanks to all those gentlemen who have kindly supplied 
me with information, especially to Mr. Scott, who has permitted me to 
examine the records in the Meteorological Office, to the Astronomer Royal 
for copies of the Greenwich barograms and anemograms, and to Mr. Horst- 
man, my senior assistant, for the help which he has given me in this inquiry. 



DISCUSSION. 

Mr. Bayard said that he had noticed that in the two instances mentioned ot 
thunderstorms traversing the country firom south to north, their path appeared 
to be along the great ridge of hills extending from Somerset to Cumberland. 
He should like to know whether these * line * thunderstorms usually followed 
the summits of hills. 

Mr. Symons said that the results of Mr. Marriott*s investigation seemed to 
show that thunderstorms had a tendency to choose valleys rather than hills as 
their usual path ; but there was hardly sufficient data to determine this question 
accurately. The course of a thunderstorm seemed to be guided by ue dis- 
tribution of the isobars, rather than by the contour of the hills. The original 
idea, as Mr. Marriott had stated, was to confine this investigation to the south- 
east of England, it being hoped that by securing a large number of observers 
over a comparatively small district, reliable and useful results would have been 
obtained. This hope had not been realised to anything like the extent desirable, 
and consequently there was by no means sufficient information to adequately 
discuss this important subject. Mr. Marriott had stated that it [appeared that 
the average distance travelled by an individual thimderstorm was not more 
than 20 miles, and yet, in the case of two storms, lines of sequence of time were 
given, extending from the south of England to Scotland. The question was, 
did the actual storm travel, or were the conditions propagated as time passed 
on ? What was wanted in an investigation of this character was an enormous 
number of observers close together. He thought that the national telegra]9h 
system, the police and other similar organisations could be profitably utilised m 
an inquiry such as that which the Society had endeavoured to conduct. When 
the loss of life, both human and animal, and the serious structural damage fre- 
quently occasioned by thimderstorms were considered, it appeared very desirable 
tnat our knowledge concerning them should be greatly increased, as such know- 
ledge would probably make it possible to adopt measures which would in some 
degree lessen the injury and loss which were often wrought bjr thunderstorms. 
He thought that the data from the Koyal Observatory, Greenwich, were of con- 
siderable value. The sudden oscillations in the barometric curve during the 
progress of thunderstorms were apparently independent of the electrical phe- 
nomena, and caused either by changes in the direction of the wind or by the 
foil of rain. 

Mr. W. B. Tripp inquired whether there was any part or configmration of the 
country which was more favourable for the origination of thunderstorms than 
other parts were. 

Mr. M. Jackson said that in his opinion the decision of the Society to invest!* 
gate thunderstorms was a very bold undertaking, for they were so extremely 
capricious. Mr. Jackson gave an account of a severe thunderstorm which 
passed over Ramsgate and Margate on the early morning of June 7th, 1889. 

Mr. Inwards thought that we could also loot for interesting results regarding 
thunderstorms from places where they were much more frequent than in the 
British Isles, and wnerc they could be studied to greater advantage. He 
remembered that when he was visiting the Austrian Tyrol a thunderstorm was 
regularly experienced every afternoon for several weeks in succession. 

Mr. BucHAN said that Mons. Leverrier had stated that to carry out an investi* 
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gation into thunderstorms thoroughly it would be necessary to have properly 
organised observations in every parish. He thought thunderstorms were more 
frequent in a large stretch of flat country, in fact it might be said the less hills 
the more thunderstorms. Perhaps this might explain the differing premirmis 
charged by Hail Insurance Companies for different localities in ^the British 
Isles. He drew attention to the great concentration of heat and closeness of 
atmosphere which frequently accompanied thimderstorms, and instanced the 
case of a storm in the neighbourhood of Braemar, in which the temperature 
was greatly affected. He pointed out the necessity of drawing isobars for 
hundredths of an inch over a thunderstorm area, and showed, too, that it was 
desirable, where practicable, to give the barometrical pressure corrected for the 
height of the district covered by the storm, or to reduce the observations to a 
mean height of 500 or 800 feet above mean sea level. 

Mr. Leckt said that he supposed that most persons agreed that thunderstorms 
were the effect of statical electricity. He thought that we could only enlarge our 
knowledge of thunderstorms by further studying the nature of this form of 
electricity. 

Mr. ^1ABRI0TT, in reply, said that the great difficulty he had met with in 
carrying out this inquiry was the lack of observations. As regarded ' lino ' 
thunderstorms, the two instances to which he had drawn attention were the only 
cases he had found throughout the whole series of observations. He was luiable 
to say whether this t^'pe of thunderstorm always took much the same track, but 
could only state that the conditions of pressure distribution were very similar 
in each of the two cases. The origin of thunderstorms had yet to be learned': 
they appeared to occur mostly in ill-defined barometric depressions. He hud 
endeavoured to prepare isobanc charts for a height of 500 feet above mean sea 
level ; but the available material was so very scanty, that it was foimd impos- 
sible to construct satisfactory charts. He believed that the Italian Meteoro- 
logical Office had done some work in this particular direction, but they, of course, 
had a comparatively large number of high-level stations, so that it became more 
easy to prepare charts of barometric pressure reduced to a suitable elevation. As 
re^;arded mdl insurance, there was a small district near Somersham in Cam- 
bridgeshire, in which insurers were charged a heavier premium than in other 
distncts; but so far as he knew there appeared to be no justification for this 
higher rate, as hail storms did not seem to be any more frequent or violent there 
than elsewhere. He had been in conversation with the Secretary of a Hail 
Insurance Society in Lincolnshire about five years ago concerning the question 
of the prevalence of hail storms, and had been promised copies of statistics 
bearing on the subject, but had never received this mformation. 

Mr. Scott said that he too made inquiries concerning the question of insurance 
against damage to crops, &c. by hail, and had found that the Insurance com- 
panies were unwilling to give any information as to the basis upon which the 
premiumB were charged, or as to the amount paid for damage in each d^trict. 
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ON THE PREVALENCE OF FOG IN LONDON 

DURING THE 20 YEARS 1871 TO 1890. 
By FREDERICK J. BRODIE, F.R.Met.Soc. 



[Received Not. 18th.~Bead Dec. 16th, 1891.] 

Thk discassions which have recently taken place as to the nature and origin of 
London fog have been so numerous and exhaustive that any attempt to 
reopen the question in these phases would require an amount of courage 
largely in excess of that possessed by the writer of this paper. The scope of 
the present inquiry is far more modest and restricted. 

Notwithstanding all that has been written and said on the subject there 
appears to be a lack of precise data as to the prevalence of fog in the 
metropolis in different years and at different seasons of the year, and with the 
object of supplying this deficiency the actual number of days on which fog 
prevailed in the London district during the 20 years 1871 to 1890 have boon 
extracted from the official records. The sources firom which the information has 
been derived are mainly the observations given in the Daily Weather Rqtort 
which refer to 8 a.m., 2 p.m. and 6 p.m. These are taken in the south- 
western parts of the Metropolis, either at Brixton or at Westminster, but in 
preparing the tables there have been included some few instances in which 
fog prevailed over a large portion of the London area, but in which it failed 
to affect the districts in question. Every endeavour has, in fact, been made 
to represent London as a whole ; and as the same principle has been followed 
throughout the entire series of years the results are strictly comparable. No 
account has been taken of the density or length of duration of fog, but care 
has been exercised to eliminate cases in which the weather was only misty or 
hazy. 

Table^I. shows for each month, for each season, and for each year the 
number of days on which fog was reported during the 20 years, together with 
means for the entire period. The spring season comprises the months of 
March, April and May, the summer those of June, July and August, the 
autumn the months of September, October ^and November, and the winter 
those of December, January and February. The first winter given in the 
table is comprised within the months December 1871 and January and 
February 1872, and in all succeeding cases the year given at the head of the 
column represents the commencement of the winter season. 

The popular notion that November is par excellence a month of fog is not 
confirmed by the figures given above. The number of fogs in that month is, 
if anything, slightly less than m October or January, and decidedly less than in 
December, the last-mentioned month being certainly the worst of the whole 
year. The latter part of the winter is not only loss foggy than the earlier 
part, but is clearer than the autumn months. In Febniary the average 
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TABLE I.— SaowMO tbb KUMBEB or DAYS in wbich FOG i 
LUNDOH IN UCH MONTH, tH each SEASON, 
10 XEABS 1S71 ID iSgo. 



hYear of THR 



Jmhum^ . . . 
FebroBiv ... 
MftTOh ..... 

^ :;::::: 

Jnlj '.'.'.'.'.'.'. 

Saptemlwr , . . 

October 

NoTsmbei 
Deeember . . . 

The Spring . 



6 5798978 6| 755 gj: 



7|14||S 9 714 7 4|" 



■I 2 7-3 f>M 

ja5|iQ3»!i9|ij 



. 7 9 g 9 r4 16 17 3 ic 



The Eotire Year 



3 32J' i2j'K'Sj3 39^0 3'j3i5'i 
I''35 75!53l4g4p!46l63:69l74 5916 91615 1.6986 836^7 565 



unmbcT of daja with fog is only 6*6, as agaiust 8'9 in Jannary, 10-2 in 
Deeember, 9*2 in Octobor, and 8'8 in Novembor. The greatest number of 
fogs eiperieuced in any mouth of the 20 years was in December 1890, when 
there were as many as 20 days with fog, but Jannary 1880 ran it very close, 
with 19 days, while December 1879 was not far behind, with 18 days. In the 
first of these months there was, it will be roniombered, no appreciable 
amoimt of sonshiue at Eew and BnnhiU Row, and less than 2i hours at 
Greenwich. In December 1879 and January 1880 the amount of sunshine 
registered at Greenwich was, singularly enoQgh, greatly in excess of the 
average, so that the days which were not foggy were evidently very fine for 
the time of year. Daring the spring season a rapid decline in the pre- 
valence of fog occurs, the number of days in April being considerably less 
than half the number in Uarch. The decrease continues steadily until July, 
which is the clearest month of the whole year ; in fact, in ten of the 20 years 
DO fog was recorded in Jaly. Towards autumn the frequency of fog becomes 
more marked, the number of days in September being more than four times 
ae great as in August. 

As r^^ds the seasons, it appears that the summer is, as has been indi- 
cated, the clearest time of the year, the number of fogs being only three. In 
spring this nnmber increases to nine, while in autumn the number is more 
than two and a half times as great as it is during the spring months. The 
winter fogs are, however, very little more numerous than those of autumn, the 
onmbers being respectively 26'9 and 23-9. Tlio only season of the whole 
20 years in which fog was entirely absent in tlic molropolis was the summer 
of 1890, while the worst season of the series was the winter of 1890-01, when 
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kt taiaty as £0 djvi vere rwordtid. T^ iih«d mnubo- of dari ctf log dnrii^ 
Uk adire ;«« ii fil, the mmlieBt year of &e 90 boag 1886, vilh 86dajiT 
aitd Umt fiiH«t v«u- 1872, TTth bolj 35 daj^. 

Is a f vper rt«d before the SockiT Uet Hirdi on " Sana RanaibUe 
FeUurcB in the Wiotn- of 1890-91.">, aUailion wsc bridlj dnvn to the 
ffijwUt lA l'i^_ m LModun vhiiia recent reus. Hie vinlen of Ibe part SO 
ynv* w«rc tL^re pooped into loEtra, and the figures dwwed Ihat in the eoniw 
of tli« «ulire period a Eteady and peretptible inereaAe in tlte amoant of fog 
had takeo place hi Locdon. This mOhoA of inquiry has no* been extended 
t/j the other poitiong of the year, and in Tahle IL wlD be found the mean 
DtuubcT of days of fog experienced daring each 5-year period in e«ch mcnth, 
in «a«h K-mrm. and in each year. A eotnparison has also been made between 
the DaiuberB TfxiirAtA in each eneceseiTe Instnun ; and, EnaDy. the preva- 
leuce of &)); in the UhI S-^'ear pt-riod him been compared with that obeerred 
in the fint. ^ic data employed in the preparation of the table arc precisely 
the tiante as thai given in Tabic I. 

TAlfLE II.— BsinruM tbe Ueu XcMSEa or Dii 

*•» ZUM SeMOK, IMU rOB EACU Veib 

1871 10 1890. 



Lnittum, 
1876-80. 




Kaliruary .,, 
Harbh . ,., 
Atitil 

«" 

JniM 

Julj 

AaHURt ,,,,, 
H«iitfiiib«r,., 
Oetobur , . . 
NuvtmUer . . , 
Docember , , . 



The Spring . . 
Tha Bummer . 
Tbe Autumn 
The Winter . . . 



The figures ahow very clearly that altbongh the increaee of 
boon steady and oontintiDna at all periods of tbe year, there has, : 

1 IJuaTUrtg Jaumal, Vol. SVJI., p. Ifi9, 
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been a very decided rise in its prevalence, especially when we take the year 
as a whole. 

In the second lustmm, comprising the years 1876-80, the mean number of 
foggy days per month was in excess of that observed during the first five 
years of the period in seven months out of the twelve. As regards the 
seasons there was a slight falling-off in the spring and summer, but a decided 
increase in the autumn and winter. The excess for the entire year was not 
very large. In the third lustrum, comprising the years 1881-85, the mean 
was in excess of that observed during the second lustrum in eight months out 
of the twelve, and in every season excepting the autumn, when there was a 
slight decrease. The mean number of foggy days for the entire year again 
showed a slight excess. In the fourth lustrum, comprising the years 1886-lK), 
the monthly means were in excess of those recorded during the third 5 -year 
period in nine months, while the seasonal means were all in excess. The 
very large increase shown in the winter was due in a great measure to the un- 
usual fogginess of the season 1890-91. The mean number for the whole year 
sliowed a considerable increase on that observed in the previous period. 

A comparison between the mean amount of fog recorded in London during 
the first five and the last five years of the 20 is given in the last column of 
the table. The values here are very significant. In nine months out of the 
twelve there was a more or less decided increase, the growth being most 
striking in January and December. In two other months, viz. those of 
March and July, the mean number in the last period agreed precisely with 
that in the first, while in August there was a slight falling-oif. As regards 
the seasons, it appears that the growth of fog was very decided, the proportion 
of excess varying from 6 per cent, in the summer and 24 per cent, in the 
spring to 86 per cent, in the autumn and to as much as 66 per cent, in the 
winter. Taking finally the values for the whole year, we find that during the 
five years 1886-90 there was 46 per cent, more fog than in the five years 
1871-75, or nearly half as much again. 



DISCUSSION. 

Mr. H. J. Marten, in a letter, forwarding a copy of a paper which he read 
before the Sanitary Institute at the Worcester Meeting in 1889, said : — 

" You will see from the remarks therein that in the winter months upwards of 
20,000 tons of coal a da^ are piled upon the 600,000 or 700,000 kitchen and 
other domestic fires withm the Metropolitan District. Possibly your chairman 
may be able to tell you how many cubic miles of smoke will issue from the 
chimneys in the course of each day with a consumption of 20,000 tons of coal 
in the fire places connected therewith. It must be a very large number, and 
together with the innumerable particles of coal dust taJKen with the smoke 
into the foggy atmosphere, must add very greatly to the dark and dreary dis- 
comforts of such a state of the air." 

Mr. Stmons said that as far as he knew this paper was the first systematic 
analysis of observations of fog in London ; ho was only sorry that they did not 
extend further back than 1871, as twenty years was hardly a sufficiently long 
period on which to base reliable conclusions. He remembered that between 
184^ and 1867, when he resided in the south-west of London, very dense fogs 
prevailed, and some years later, when he was living in Camden Square, fogs of 
equal intensity were experienced. He thought it would be found that fogs, like 
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other meteorological elements, waxed and waned, and moved in some sort of 
ill-defined cycle, and that the prospect in the futnre was not so gloomv as Mr. 
Brodie would have us believe. The great increase in the paved area of London 
would have the effect of diminishing the watery particles in a London fog, for 
he had noticed that in large open spaces, such as Begent's Park, the tog was 
nearly always thickest ; but as the number of houses had vastly increased, the 
fogs had doubtless become more smoky than they were in the past. He should 
like, if he could find time, to work up his own observations of fog as recorded 
at Camden Square firom 1858 to 1891, and see how far the results agreed with 
those tabulated by Mr. Brodie. 

Dr. Williams said that in a paper read by Dr. Bussell at the Congress of 
Hygiene it appeared to be clearly shown that fogs in London were decidedly on 
the increase. He had always been taught in his childhood that November was 
the month of greatest prevalence of fog; but now another of the traditions of 
his childhood had departed, and he womd look on December with more gloomy 
expectations. He should like to know whether there was any connection 
between the direction of the wind and the occurrence of fog. He had noticed 
that the fogs usually came firom the east, and their density increased with proxi- 
mity to the river and to open spaces, especially clay soils. At Chelsea and in 
the neighbourhood of the Hospital for Consumption at Brompton, the fogs were 
often very dense because of proximity to the river. He supposed Mr. Brodie had 
only included " brown " fog in the days of fog he had given. He presumed 
that, if London did not exist, the district would still be a very foggy one, from 
the large amount of low-lying ground north and south of the Thames ; the only 
addition which London caused arising from the deleterious products of com- 
bustion in connection with the numerous household and other fires, which it 
was the duty of the Legislature to control. 

Dr. Barnes drew attention to the interesting fact that this historv of fog 
coincided in a very remarkable manner with the periods of prevalence of 
zymotic diseases, as demonstrated by Mr. Buchan in a valuable memoir in the 
Journal of the. Scottish Meteorological Society. Following that memoir he had 
himself worked out the succeeding ten years, and found that the results of Mr. 
Buchan were fully confirmed. This memoir of Mr. Brodie should therefore be 
read in connection with Mr. Buchan's, and so both are doubly instructive. He 
had, some years ago, the duty of ob8er\dng the working of two gas factories, 
and had noted that in fog and still winter atmospheres the sulphuretted 
hydrogen, carbonic acid, and other products lay in a stratum near the ground. 
There was no diffusive property in the air, and no purification until the air was 
scoured by rain or wind ; so in like manner other noxious matters generated 
accumulated in the stratum of air in which we lived; so smoke did not make 
the fog, but was caught in it. 

Mr. Scott said that he did not think that Dr. Bussell had much old information 
regarding fogs. He had himself endeavoured to get such information for Dr. 
Bussell some years ago, in order to ascertain whether fogs were increasing, and 
the only record he could hear of was one kept at Messrs. Meeking's, in Holbom 
Circus. Entries were made by one of the employes of the state of the weather 
as affecting the sales and number of customers ; but on inquiry it was found 
that the books had been regularly burned each year, so that there was only the 
man*s memory to rely upon, and he had stated that it was his belief that fogs 
were on the decrease. 

Mr. Lecky remarked that the quantity of smoke emitted into the atmosphere 
of the City of London must have greatly increased in later years, owing to the 
conversion of dwelling-houses into blocks of chambers. 

Mr. W. B. Tripp said he had heard of a gentleman who suffered firom 
some complaint of the eyes and was unable to bear a strong light, who had 
/itated that the only occasions when he was able to get about in any comfort 
were during the prevalence of London fogs. 

Mr. Greatheed said that if investigation was carried back far enough, it 
reached a period when wood, perhaps exclusively, was used for fires. Fogs then 
must have been rare. Years ago he bad experienced an escape fi*om the gloom 
of London to Paris, where the atmospheric puritjy^ was attributed at the time to 
the prevalence of wood fires. He inclined to thmk that fogs of short duration 
often coincided with the *' hang of the tide " in the Thames. The cessation of 
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tidal inflaenoe assisted atmospheric steadiness, a necessary condition in fog 
production. 

Mr. Stmons remarked that wood was now much less used in Paris, a wood 
fire being reckoned a luxury, consequently the fogs in Paris were getting as bad 
as those in London, and in fact on foggy evenings the Paris police were stationed 
with torches at the intersections of the principal streets. 

Dr. Barnes said that fifty years ago, when a student, he spent a year in Paris, 
and there he experienced the densest fog he ever saw. 

Mr. C. Harding said that Dr. Russell's paper, as printed in Nature in 1891, 
Vol. 45, pp. 10-16, was undoubtedly very valuable. Certainly, if consumption 
of coal caused fogs, then fogs must be on the increase in the Metropolis. He 
would like Mr. Brodie to say whether the 8 a.m. observations only had been 
utilised in compiling the tables ; and if other hours were used a precise state- 
ment would add value to the paper. He said that the observations used classed 
light and dense fogs together, as the entries in the Daily Weather Report did not 
admit of any separation being made. 

Mr. Whipple asked whether it was not possible to have better agreement 
among meteorological observers as to what should be reckoned as fog. He 
narrated an experience he once had with a country observer who entered fog in 
his register because some hills about four miles distant were a little misty and 
not clearly discernible, while at the place of observation the weather was clear 
and sunny. He did not think there had been more fog in his own neighbourhood 
in recent years than formerly prevailed, and certainly did not believe that fogs 
had increased at Eew at anything like the rate quoted in the paper. At all 
events he did not detect it when preparing his paper in 1888 on " Non-Instrumental 
Meteorology,** in which he included fogs. 

Mr. Brodie, in reply, said that he regretted that the period over which the 
observations extended was not longer. He could, of course, have obtained a 
much longer series of observations from the Greenwich records, but he did not 
consider that in respect of fog prevalence Greenwich fedrly represented London, as 
the Observatory was placed on a hill some 150 feet in height. He quite believed 
that fogs were as dense in 1840 as at the present day ; but he greatly doubted if 
they were as frequent then as now. He had not gone into the question of the 
connection between the direction of the wind and the prevalence of fog, but he was 
under the impression that there was very little, if any ; indeed, it frequently hap- 
pened that there was no wind at all when fog was prevalent. He had resided in 
both the south-west and north-east of London, and from his own observations he 
was of opinion that fogs were certainly getting more frequent in the district where 
he now dwelt than they formerly were. He had made use of the 8 a.m., 2 p.m., 
and 6 p.m. observations given in the Daily Weather Report in the compilation of 
the tables. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

NOYEMBEB 18th, 1891. 

Ordinary Meeting. 

Baldwin Latham, M.Inst.C.E., President, in the Chair. 

Prof. Cleveland Abbe, Weather Bnrean, Washington, n.S.A. ; 
Hebbebt Bebtbam Cavell, Fleet, Hants ; 
Alfbed Chandleb, South Hill, Eingskerswell, Devon ; 
WiLLL^M Wallace Copland, Assoo.M.Inst.C.E., Sheemess-on-Sea ; 
William L. Dallas, Meteorological Department, Simla ; 
Bobebt Isaac Finnemobe, J.P., F.B.A.S., Durban, Natal ; 
Capt. William Geoboe Squabes, 96 MiUbrook Bosid, Southampton ; 
Rev. Fbancis Tilney Stonex, Bredbury, Stockport ; 
William Stobet, Thargomindale, Queensland ; 

Bobebt William Swinnebton, Assoc.M.In8t.C.E.,Bolamm, Dekkan, India ; and 
Benjamin Abthub Whitelegge, M.D., B.Sc, Wakefield, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read :— 

** Bepobt on the Intebnational Meteobological Conference at Munich, 
August '2i&th. to Septembeb 2nd, 1891.** By Bobebt H. Scott, M.A., F.B.S., 
Foreign Secretary, (p. 1.) 

"Account op an Electbic Self-Becobding Bain Gauge.*' By W, J. E. 
Binnie, B.A. (p. 6.) 

" On Wet and Dby Bulb Fobmuue.** By Prof. J. D. Evbbett, M.A., F.B.S. 
(p. 18.) 

'* Besults of Meteobological Obsebvations made at Akassa, Nigeb Terbi- 
TOBY, May 1889 to Decembeb 1890.'* By Fbank Bussell, F.B.Met.Soo. (p. 19.) 



Decembeb 16th, 1891. 

Ordinary Meeting. 

BAiiDWiN Latham, M.Iust.C.E., President, in the Chair. 

Beginald H. Hookeb, B.A., 9 Adelphi Terrace, Strand, W.C. ; 
Alexandeb Baibd MacDowall, M. A., Gadebridge,Coolhurst Boad, Crouch End; 
E. G. Bavenstein, F.R.G.S., 91 Tulso Hill, S.W. ; and 

Bobebt Hkdgeb Wallace, Maicscot, 88 Denbigh Boad, Armadale, Melboiume, 
were balloted for and duly elected Follows of the Society. 

Mr. J. S. Habding and Mr. H. S. Wallis were appointed Auditors of the 
Society's Accounts. 

The following Papers were read : — 

" Bepobt on the Thundebstobms of 1888 and 1889.'* By William Maeriott, 
F.B.Met.Soc. (p. 28.) 

" On the Pbe valence of Fog in London dubing the twenty yeabs 1871- 
J890. By Fbedebick J. Bbodie, F.B.Met.Soc. (p. 40.) 
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CORRESPONDENCE AND NOTES, 

Fog, Hoarfbost, and Rime in London, Decembeb 2lBt-25th, 1891. By 
William Marriott, F.R.Met.Soc. 

Everyone who was in the neighbourhood of London during Christmas week had 
painful and ocular experience of the weather that then prevailed. Not only was 
the barometer hiffh and the temperature low, but from Monday the 21st to 
Friday the 25th a dense fog settled down over the metropolis, making the day 
almost as dark as night, and greatly interfering with locomotion and railway 
traffic. 

The air dorinff that period was damp, and consequent^ there was a great deal 
of rime or hoarfrost. The rime became very thick on Wednesday, and continued 
to increase till Friday (Christmas) morning. 

The following measurements of the thickness of the rime were made at West 
Norwood on the 23rd, 24th, and 26th :— 

23rd. 24th. 25th. 
9 p.m. 3.30 p.m. 9 a.m. 
in. in. in. 

Spider's thread hanging from thermometer screen 

and 3 ft. 8 ins. above the ground *23 *43 '75 

Wire (horizontal) *07 in. in thickness and 4 ins. 

above the ground '55 '88 1*07 

Knob at end of solar thermometer *48 in. in 

diameter, and 4 ft. above the ground *80 1*11 

Outer glass tube of solar thermometer *78 in. in 

diameter and 4 ft. above the ground 1*20 1*42 1*51 

The spider's thread was greatly attracted by the brass rule (cathetometer), 
just like a needle by a magnet. 

A telegraph wire coated with rime looked like a good thick rope. 

A little rain fell on Christmas morning, which on reaching the ground 
immediately froze and covered the roads and pavements with a sheet of ice 
C' glazed frost "), rendering locomotion difficult and dangerous. 

By 2.30 p.m. the temperature had risen to 32°, and the rime began to melt and 
was all gone by about 6 p.m., when the fog had also cleared away. The tem- 
perature at 9 p.m. had risen to 40°. 

The water in the rain gauge (the result of rime, fog, &c.) amounted to *04 in., 
and was quite black, showing that the fog had been heavily charged with 
soot, &c. 



Remarkable Rainbows seen in Kincardineshire. By Robert Lawson, 
LL.D., F.R.Met.Soc., Inspector-CTcneral of Hospitals. 

Some ten or twelve years ago I had an opportunity on two occasions of seeing 
the rainbow repeated three times inside the principal bow, the outer edge of 
one being close to the inside of the next, and the colours in each showing the 
full spectrum from red to violet. 

On the first occasion I was with a party shooting on a moor in 57° N, in Kin- 
cardineshire, at a point about 1,000 feet above the sea and 9 miles from it, about 
the middle of September. The wind was Westerlv, when about 2 p.m. a heavy 
shower passed over us, which presented a well-denned rainbow. As it receded 
towards the east, inside this (tne principal bow) at its centre and for some 5° on 
either side of that point, the three othet bows appeared, as above described, and 
lasted for some twelve or fifteen minutes. 

On the second occasion, three or four years afterwards, I was shooting in the 
end of September on the low ground about 6 miles south of the above-mentioned 
spot, and about the same distance from the sea, but only about 350 feet above it, 
when, with the wind Westerly about 2 p.m., there was heavy rain to the east- 
ward, and a bright principal bow formed, presenting three subordinate features 
as in the first case, lasting for some ten minutes. 

The sea was not visible from either of the points where these phenomena 
irere Been, 
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Supernumerary Rainbows observed at Kirkwall, Orkneys, Dscembkr 
26th, 1891. By M. Spence. 

On Saturday, December 26th, at 8.20 p.m., when the san was on the boruon,! saw 
a very distinct rainbow ; there was no trace whatever of the secondary bow, but 
between where it ought to have been and the prima^ one there were several 
patches of what are called ** supernumerary ** bows. The only colour I saw dis- 
tinctly was the red. 

This lasted for about four minutes, when finally a second bow appeared just 
inside the primary, with the colours arranged as in the primary ; not reversed as 
the secondary. The space between the violet of the primary and this one was 
almost nil. The red next the violet of the primary was about as distinct as that 
of the primary. The orange and yellow were distinct also, but the others could 
hardly be seen. This was no doubt owing to the fading light of day, and to the 
dark colour of the clouds in the north-east, where the bows appeared. These 
lasted distinctly and complete for about one minute. The bows formed, as is 
well known, huf a circle. The sun was setting behind land at the time, and the 
wind was blowing at the rate of 45 miles per hour, so that there coidd be no 
water reflection. 



The Storms of tue Arabian Sea. 

Mr. W. L. Dallas has collected all the available information respecting storms 
in the Arabian sea from 1648 to 1889, and has prepared storm charts for the 
different months of tlie year in order to ascertain, so far as possible, whether the 
storms at different seasons followed definite tracks and were confined to definite 
portions of the sea.' 

The conclusions which he has arrived at from this investigation are : 1. That 
cyclones originating over the Arabian Sea are formed on the northern limits 
of the South-west Monsoon, so that the place of oric^n undergoes an annual 
oscillation, agreeing with those limits. 2. That when the northern limits 
of the Monsoon reach the land of India and Southern Asia, no cyclones are 
formed over tlic Arabian Sea. 3. That when the North-east Monsoon extends, 
unintemiptedly from Southern Asia to the equator, i,e, from December to March 
no cyclones are formed over the Arabian Sea. 4. That the epochs of greatest 
cyclone frequency are the beginning of June and the beginning of 
November. 5. That during the pre-monsoon period the progressive 
motion of cyclones is carried out along a curved path, the commence- 
ment of which is near the Maldive or Laccadive Islands, the vortex 
about opposite Bombay, and the conclusion near the Kooria Mooria Islands. 
G. That during the post- monsoon period the progressive motion of cyclones 
is along a curved path originating near the Maldives or haccadives, the 
first part of which runs to north-west, the central portion to nortli-west and 
through north to north-cast, and the concluding portion to east, and ending on 
tlie Konkan or Katthiawar coasts. 7. That the diurnal progression of the vortex, 
when first produced, is irregular, but that it subsequently becomes steady, though 
the rate of advance always shows some decrease when the system is curving 
through north. 8. That the initial stages of a cvclone are often characterised 
by the appearance of an abnormal Northerly wina and fine weaUier, but not by 
long continued calms. 9. That the barometric fall is gradual and equal on tii 
sides, and that it is only near the centre that the mercury falls fast ; that a 
depression of 0*25 in. below the normal average pressure of the place of obser- 
vation is indicative of the existence of a cvclone in the neighbourhood of that 
place. 10. That when the hurricane is well out at sea, gusty strons winds are 
felt for several hundred miles around the centre, but that when Sie storm is 
in confined waters the gale may burst with great suddenness. 11. That the 
most tempestuous winds are felt on the margin of the calm area. 12. That a 
ship or steamer not using her engines, will enter and leave the calm centreiwith 
winds from opposite directions. 13. That heavy rain is experienced on all sides 
of the stoim focus, but is heaviest on its northerly octants. 14. That a cross 

1 g^clontMemvirtfFarilY. Calcutta, 1891. 
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•.^Mofused M» aeoompantes the cyclone, and is felt 300 or 400 miles away from 
the storm centre. 15. That occasionally cyclones appear to enter the AxMMn 
• Sea from the Indian Peainsola ; that when this occurs the effects are very little 
fdt over the strip of sea close to the coast, where the mountains on the west 
•coast are close to the sea, but that where the mountains are at some Jistance 
inland, all Ae phenomena of a passing cyclone are experienced. 16. That the 
north of the Arabian Sea is liable^ during ine prevalence of the North-east Mon* 
-aooB^ to be disturbed by small ovclonic storms descending from the I4ghlands of 
^ertia and Baluchistan. 17. That the whole of the • south-west of ihe Arabian 
•JSea, though liable toBouth-west gales during the summer Monsoon, and to 
atrong Nonhr«ast winds during ihe winter Monsoon, is free from cyclones. 



RECENT PUBUCWnONfi. 

jLHEsaam IbrasoBOLOGioAL JovKHJLu A . Monthly Beviow of Motderology 
«nd Medical Climatology. Vol. Vni. Nos. 6-8. October to December 
1891. 8yo. 

The principal articles are :— Professor William Ferrel : by A. McAdie (3 pp.). 
In addition to a brief memoir of the late Prof. Ferrel, this contains a complete list 
of his Bdentific papers.^-Cloud observations at sea : by Prof. Clevebuid Abbe 
(15 pp.). This is an interestinraeoomit of some valuable observations oh the form 
and motionjbf doofds at sea, which were* made during the cruise of the Pensacola 
during the U.S. Expedition to West Africa in 1690. — Four balloon voyages : by 
Fro£ H. A. l^SEen (12 pp*). — Meteorology at the French Association : by A. L. 
Rotch (2 pp.). — Features of Hawaiian climate : by C. J. Lyons (7 pp.). The 
main featoies of the climate are the trade wind, and the phenomena caused by 
the mountains. The local climates, however, are many, more than will often be 
fonnd in like contiguity. — ^Meteorological work of agricultural experiment stations 
and agricultural colleges, and their relations to the Weather Bureau : by M. W. 
Harrington (2 pp.).— New High Level Meteorological Observatories in France : 

S' A. L. Rotch (9 pp.). This contains an account of the observatories on the 
out Ventoux in Rovence (6,250 feet), the Aigoual in theCevennes (5,150 feet), 
the Eiffel Tower at Paris (980 feet), and Mont Blanc (15,780 feet).— Meteorolo^ 
oif Australasia ; Account of the operations of the Chief Weather Bureau : by C. 
If. Wragge (4 pp.). — ^The December No. is almost entirely devoted to memorial 
artides on the late Prof. Ferrel, the writers being Prof. S. Neweomb, E. Good- 
fellow, Prof. C. Abbe, Prof. W. M. Davis, Dr. F. Waldo, and A. Ashley. 

AHMALB of THB AsTBONOlflCAL ObSEBVATORT OF HARVARD GOLLEGE. '4to. 

Vol. XIX. part 1, contains : — Meteorological observations made at the Harvard 
College Observatory during the years 1840 to 1888 (157 pp.). 

YoiXXl. part 1, contains : Observations of the New England Meteorological 
Society in the year 1888 (99 pp. and 3 plates). 

Vol. XXII. contains : Meteorological observations made on the summit of 
Pike*8 Peak, Colorado, height 14,134 feet, January 1874 to June 1888 (475 ))p.). 
This is a most interesting volume, as it contfuns not only tlie daily observations 
made at the highest observatory in the world, but also has copious extracts from 
the observer's daily j oumal. 

Vol. XXX. part 2, contains : Ob8er>'ation8 made at the Blue Hill Meteoro- 
logical Observatory, Massachusetts, U.S.A., in the year 1890, under the direction 
of A. L. Rotch (201 pp.). This also includes a summary of the meteorological 
records during tne lustrum 1886-1890. 

Annual Meteorological Report for the tear 1890 of the Meteoro- 
LooioAL Central Observatory, Tokio, Japan. 4to. 1891. 

In addition to the results of observations at the observatory, this also contains 
a paper on the frequency, motion, and depth of areas of low barometer in Japan, 
by E. Knipping. The period used for this discussion is the 7 years 1883-9. 

NEW SERIES. — VOL. XVin. D 
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The avertge number of depressions is 78 per annum, with a decided maximum in* 
the spring, and an equal number in each of the other seasons. The depressions 
are generally deeper over the sea than over the land. From October to May the 
lines of equal depth are in general very similar to the isobars in the respective 
months, and less so in the warm months June to September. In June, depressions 
become deeper in passine out on the east coast, while in the sea of Japan lines 
t)f depth are similar to the isobars. Depressions coming from the sea in the 
south become decidedly shallower over the land in Southern Japan from July to 
September. On reaching the sea of Japan they show in July, when the temperar 
ture in Eastern Siberia is highest, a tenoency to proceed north with a little change 
in depth, and in August their depth increases uniformly towards the north, lit 
September^ however, when the sea is warmest, they go with the'same or probably 
increased depth towards the north or north-east, become shallower in passiuj? 
Northern Japan, and deeper again whilst passing out to the warm current oi 
Eastern Hokkaido. 

Daily Weather Chabts for the period of Six Weeks ending Jane 25, 1885^ 
to illastrate the Tbac&s of Two Cyclones in the Arabian Sea. Pab* 
lished by the Authority of the Meteorological Council, 1891. 4to. 

The Gulf of Aden and the northern portion of the North Indian Ocean are 
rarely visited by typhoons ; but in consequence of the occurrence in these 
waters in the summer of 1885 of a violent cyclone causing the loss of several 
vessels, the Meteorological Council decided to prepare daily charts for the^^ 
North Indian Ocean, not only for the interval during which the storm occurred^ 
but also to include a second cyclone which appeared in the Arabian Sea in June,, 
in quick succession to the Aden cyclone. The number of logs utilised in the 
preparation of the charts was 239. 

How TO USE THE Aneboio Barometer. By Edward Whymper. 8vo.. 
1891. 61 pp. 

This work is divided into four sections. The first records comparisons of the. 
aneroid against the mercurial barometer in the field ; the secona is concerned 
with experimental research in the workshop ; the third is occupied by practical 
considerations upon the facts recorded ; and the fourth is composed of a recapitu- 
lation of the principal points which are dwelt upon in the previous parts. Mr. 
Whymper^s investigations have extended over 11 years, and in his travels at 
great elevations in the equatorial regions of South America he made a number of 
comnarisons of the aneroid against the mercurial barometer at low pressures. 
As the indications of the aneroids were not satisfactory, he made a number of 
experiments with aneroids which are detailed in the present volume. He finds 
that with aneroids of the present constiniction it is unlikely that decent approxi- 
mations to the truth will be obtained at low pressure, even when employing a 
large number of instruments. He considers tnat the test which is commonly . 
applied of comparing for brief periods (^minutes or hours) aneroids aeainst mer- 
curial barometers under the air pump, is of little or no value in determining 
the errors which will appear in aneroids used at low pressures for long periods 
(weeks or months). 

Indian Meteorological Memoirs. Published nnder the direction of J. 
Eliot, M.A., Meteorological Eeporter to the Govemment of India* 
Vol IV. Part m. 1891. 4to. 

This part contains two articles, viz. 1. The Arabian Sea cyclone of the 4th 
to the 13th June 1887, with a demonstration of the practicability of foretelling 
stoims by the method of abnormals two or three days sooner than by the ordinary 
method of actuals : by F. Chambers (110 pp. and 12 plates). The author says 
that the provisional rule for finding the direction of motion of cyclones in the 
Arabian Sea in May and June from the direction of the normal wind is now 
modified as follows : — " The direction of motion of cyclones in the Arabian Sea . 
in May and June is about eight points to the left of the direction towards which 
thenormal monsoon wind blows. 1 his rule is subject to a possible error of two 
points either way ; that is to say, the inclination of the path to the left of the 
normal wind may vary between six and ten points." — On the meteorology and 
climatology of Northern Afghanistan : by W. L. Dallas (23 pp.). 
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Meteobological Chabts of the portion of the Indian Ocean adjacent 
TO Cafe Guardafui and Has Hafun. Pablished by the Authority of 
the Meteorological Council. 1891. 

The area dealt with in these charts extends in longitude from the coast to 
nearly two degrees eastwards of the Cape, and in latitude to nearly two degrees 
from Cape Guardafui southward, thus taking in Ras Hafun. The elements dis*^ 
cussed are sea-surface temperature, wind, current, sea disturbance, and mist or 
haze. 

Meteorolooisohe Zeitschrift. Bedigirt von Dr. J. Hann und Dr. W«> 
KoppEN. October to December 1891. 8vo. 

Die Zngstrassen der barometrischen Minima nach den Bahnenkarten der Deut« 
schen Seewarte fur den Zeitraum 1876-1890: von Dr. W. J. van Bebber (6 pp.)* 
This is a revision of the results obtained some years ago by Dr. van Bebber, and 
is accompanied by twelve small maps showing the tracks of depressions over 
Europe for each month of the year. — Anwendung des Camot^schen Satzes auf die 
Kreislaufe in der Atmosphare : von N. Ekholm (6 pp.). — Ueber den Hagelschlag 
im Kanton Thurgau am 6 Juni, 1891 : von Dr. K. Hess (10 pp.). This is an 
account of a remarkable hailstorm which devastated part of tne north-east of 
Switzerland in June. In some particulars it resembled a tornado, but the wind 
was not so violent. The most remarkable fact about it was that it did not, as 

generally anticipated, spare forests. The author says that the belt of greatest 
amage swayed about within the region affected ; and was influenced by the 
position of the patches of wood situated therein, being attracted by them. The 
hail stones fell without any rotatory motion ; they were irregular in shape ; had 
no kernel of snow ; and, from internal evidence on section, appeared to have 
been produced by sudden cooling of superfused water, which would account for 
the frequency of air bubbles in them. In fact the appearance was like that of a 
drop in Leidenfrost*s experiment. — Ueber Winde und Windverhaltnisse in 
Pola : von Lieut. E. R. von Kneusel-Herdliczka (6 pp.). — Untersuchung liber 
die PeriodicitSt des Niederschlages im Konigreich Sachsen : von Dr. P. Schreiber 
pO pp.). — ^Temperatur-Mittel mr Italien: von Prof. B. Busln (11pp.). — Die 
Internationale Uonferenz in Munchen, 26. August bis 2. September 1891 : von 
P. Erk (8 pp.). 

Sthoms*s Monthly Meteorological Magazine. October to December 1891. 
Vol. XXVI. Nos. 809-811. 8vo. 

The principal contents are : — Underground Temperature (3 pp.). — Rain Making 
(3 pp.).— The Climate of the British Empire during 1890 (2 pp.). The highest 
temperature in the shade from the stations included in the tables was 105 -6 at 
Calcutta on April 24th, and the lowest. — 39^*4 at Winnipeg on January 17th. — 
Low Barometer, October 13th-14th, 1891 (2 pp. and'plate^. The lowest reading 
recorded was 27-96 ins. at 1.15 a.m. on the 14th, at Cawdor Castle, Nairn. — 
Meteorological Bibliography (2 pp.). — The Munich Conference (2 pp.). — Inside 
a Waterspout (1 p.). — The Kainfall of October and of the first ten months of 
1891 (3 pp.).— The Temperature and Rainfall of Brazil (6 pp.).— The Martinique 
Cyclone of August 18th, 1891 (2 pp.).— The United States Weather Bureau (2 pp.).. 
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EVAPORATION AND CONDENSATION. 



nes delivered to the Royal Meteorological Society, January 27th, 
1892. 



Bj BALDWIN liATHAM, M.Inst.C.E., F.G.S., President. 



?~we Bpring of lost year on Eshibition of Instmments, relating to Bainfdl 
Wi! Ejvaporation, was held nndcr the anspiceB of this Society. Owing to my 
7^*9168 from England at the time, I was unable to prepnro an addrosa dealing 
■U* the instruments exhibited; however, one part of the subject — that 
■Joining to rtiin gaagea and their history — was vcrj- ably dealt with by our 
^^ftrtary, Mr. G. J. Symons. F.R.S. 

•.^ propose on the present occasion to direct attention to the very important 
^fi«ct of evaporation and condensation. The rainfall of the country is 
™y tfficiently looked nffcr by Mr. Symons, who hna also taken np the 
*^Wt of evaporation ; and in British Tiainfall there arc to bo found 
* Bunber of records giving tho resnlt of evaporation, bat whilst the 
'*'>ber of observorB of rainfnll can be counted by thoueands, those who are 
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condacting efficient evaporation experiments may bo counted upon the fingers. 
In this Society, we possess no records that give year by year the amount of 
evaporation or condensation. There are only three papers in the published 
records of the Society dealing with the subject of evaporation, one in 1855 
by Dr. George Buist, F.R.S. ; another in 1870 by Mr. George Dines ; and the 
third in 1871 by Dr. R. J. Mann. 

The question of evaporation is of as great importance as the study of the 
precipitation of water on the face of the earth, for the available water supply 
of the country depends entirely upon the differences between these two 
sets of observations. The earth receives moisture by means of rain, 
dew, hoar-frost, etc., and by direct condensation. It loses moisture very 
rapidly by evaporation. According to the dynamic theory, evaporation and 
oondensation are constantly taking place. The rate of evaporation in calm 
air was shown by Dalton, over 90 years ago, to bo due to the difference 
between the vapour tension due to the temperature of the evaporating sur- 
face of the water and the vapour tension due to the temperature of the dew- 
point {V—v). 

Although evaporation mainly depends upon the difference between the 
tensional force of the vapour due to the temperature of the evaporating surface 
and the tensional force of the vapour already in the atmosphere, yet it is 
largely influenced by the movement of the air and by the dryness of the air, 
that is, the difference between the dew-point and the actual temperature, the 
largest amount of evaporation taking place when there is the greatest difference 
between the temperature of the evaporating water and that of the dew- 
point, when this action is aided by a brisk motion and great dryness of the 
air. A sudden fall of the temperature of the air in very hot weather when 
the water is warm will produce a large amount of evaporation, and, as a rule, 
all the large daily amounts of evaporation occur under such conditions. 
Evaporation goes on at night so long as the water surface is warmer than 
the dew-point. The quantity of water evaporated under the same conditions 
is directly proportional to the exposed surface ; the increase of temperature 
in the liquid is attended with increase of evaporation, but is not directly pro- 
portional to the temperature. The atmosphere obstructs the free diffusion of 
vapour, and any movement of the air tends to produce induced currents in 
the vapour as it leaves the evaporating surfaces, and thus materially aids the 
amount of evaporation, for vapour rises only by virtue of its elasticity, and 
no more can be produced until that which is incumbent upon the liquid has 
its tension reduced or is withdrawn by some means. 

It has been pointed out with reference to the experimental stage of evapo- 
ration, that evaporators differing in size, in the depth of rim above the water, 
and in their position as to being shaded from air currents or the contrary, 
will not give the same results. It was also shown by the late Mr. Geo. 
Dines, that the density of the water Las an influence upon evaporation, 
and that with sea water the evaporation was about 4 J per cent, less than with 
rain water, while with water saturated with common salt the evaporation was 
15 per cent, less than with rain water. 
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Somo 10 years ago I entered upon an investigation to determino, if 
possible, the quantity of water which was yielded by a largo area of the chalk 
formation, and to aid me in rightly understanding the various processes at 
work during the period of this investigation, I carried out a number of 
evaporation experiments at Croydon, which throw some light upon the con- 
ditions which promote or check evaporation, and which tend to increase or 
diminish the quantities of water evaporated, and also upon the common 
errors by which the results of evaporating gauges are influenced. 

An evaporating gauge 1 foot in diameter made of copper, and containing 
1 foot in depth of water, which was floated by means of a hollow copper 
ring placed 6 inches distant from the body of the evaporator, and attached 
to it by four radial arms, was adopted as a standard evaporator. This 
form of evaporator was found extremely convenient in carrying on all 
evaporation experiments ; it was floated on a tank 4 feet in diameter, con- 
taining 80 inches depth of water. During the period of 13 years, from 
January, 1879, up to the present time, this evaporator has never once been 
out of order, or been interfered with in the slightest degree by frost, which 
is the scourge of evaporators. The water line within the floating evaporator 
and the water line outside the evaporator, by reason of the power of flotation 
of the evaporator, was preserved at a nearly constant level. This uniformity 
of water level, within and without the evaporator, secures the integrity of 
the evaporator in time of frost, there being practically the same strain on 
the inner and outer walls of the gauge, bo that frost does not interfere with 
its form. The strain which the expansive force of ice throws upon the sides 
of a tank is very considerable, and tanks are liable to alter in form and area, 
or to be injured and leak from this cause, but by the use of a floating 
evaporator these difficulties are obviated. 

In conjunction with the floating evaporator I have a number of other 
evaporators, 5 inches in diameter and 1 foot in depth, being similar to the 
pattern of an ordinary Symons' rain gauge, and containing not less than 9 
inches in depth of water. These were supported by means of a socket on 
the bottom of the evaporator, resting on an iron pedestal i of an inch 
diameter, and, consequently, were freely exposed all round the sides and 
bottoms. One of these 6 inch evaporators was exposed to atmospheric 
influences, and others were placed in the same water tank as the floating 
evaporator. 

Experiments were made with some of these 6 inch evaporators as to the 
effect of colour on the amount of evaporation, one being painted white, another 
black, and the results given by these gaugings wore compared with those of 
a copper gauge exposed under similar conditions. The results given by these 
particular gauges when compared with those of a copper gauge not painted, 
showed that the greatest errors in evaporating gauges arise from capil- 
larity, the water rising on the sides of the gauge and thus inordinately 
increasing the amount of evaporation. Consequently a small gauge having a 
larger amount in proportion of side area than a large gauge, indicates a 
very much larger amount of evaporation. It is essential, therefore, in jill 
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evaporation ezpcrimeiite that a standard eizc should bo insisted npon fur all 
evaparating gauges that are to be compared. Aa a rale, capillarity extends 
half an inch np the sides of a copper oTaporating vessel. In a 6 inch ovfi- 
porating gange this capillarity adds nearly 40 per cent, to the water area of 
the gange, whereas in a gaage 1 foot in diameter, the influence of capillarity 
is less than half that of a 5 inch gange, whilst in a gange C ft. in diameter 
or 6 ft. square, the inflnence of capillarity is only one-sixth part of that of a 
1 foot gange, as shown by Table A. 
TABLE A.— Pbopohtion or Vebsei.h AFrscTED bt CiriLi-uiiTT, . 




The experiments with the evaporators at Croydon were carried on for the 
first portion of the period at an elevation of 265 ft. above Ordnance Datnm, 
but since September, 168!), they have been carried on with the same gangos 
at a level of 206 ft. above Ordnance Datnm. In all these oiperimenta rain 
water was used for the evaporation. 

Table I. shows the actnal amount of water evaporated monthly for a period 
of IS years by the floating evaporator of 1 foot diameter, the records in all 
cases being the resnit of daily observations. No deductions have been 
made for condensations, which have beon kept separate, and are shown in 
Table II.. Tabic III. gives the resalt of the 6 inch evaporator freely exposed 
TABLE I.— Evaporation Fitoa 12 in. Evai-obatob plo.itiso in Water. 
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to air iD (liu siimo poriuils. Tbc rca^ilts .sliow tlinl by actual measurement 
of the floating gongo, tho iinnual avcvago nmouut of water evaporated 
in thcde 18 years was 19-918 iacLe.'f. In tlio same gaugOj however, it was 
found that, as n rule, for sis months in erery year, from January to March, 
and from October to December, there were certain ocoasiona when conden- 
satioD was measured. The amount of tbcso condensations in 13 years 
averaged -308 inch per annum. The result with the 5 inch evaporating 
gauge freely exposed to atmospheric inllucitcc, gave in the same period as 
the other gauges, an average annual depth of evaporation equal to S8'186 
inches. It Bhould be statt-d tliiit in this gniigo, freely exposed to the 
atmosphere, coudonsation waa very rarely measured, the reason being that 
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tlie water iQ tho gauge booq acquired a. tcmporatnre approaching that of tho 
8arroun<ling Rir, whereas, in the larger gauge floating in the tank, a sudden 
change of temperature from cold to warm always gave an amount of conden- 
sation. The same law governs condensation as evaporation, so that when 
the temperature of the water in tlio evaporator is lower than that of the 
tompctaturc of tho dew point, a sensible amoont of condensation takes place 
both on a water surface and also on the snrface of the earth. 

As to tho effects of colour on evaporation from gauges, three G-inch gauges 
were used, viz. one copper, another enamelled white, and a third black. The 
gauges were all allowed to stand in water in a tank up to the level of the water 
within the gauge. It will bo seen from Tables IV., V. and VI., that in three 
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y.-ars tlie average cvaporati 
^7-00 ins., from tho black i 
giiiigeof the same dimensions 



1 from the copper gauge standing in water was 
117 ins., and from tho white 21-74 ins., whilst a 
freely o.'iposwU in the atmosphere gave, in the same 
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period, 8G'9(i ins., and tlio 1 Tout floatiufj evaporator in the same poiiod gave 
liJ'lO ins. Xho 5-inch copper gnngc gave a larger amount of ovaporatinn 
than a gauge painted black. The reason for this is found to bo due to the 
effect of tho black paint which rcstrictoJ capillarity and so to the water in 
ft painted gauge not rising ao high up the sides of the gauge. This ap- 
parent diBCrepancy led me to make an experiment as to tho effect of an attempt 
to restrict capillarity by eligiitly greasing tho insida of one of the copper 
evaporating gauges. With this object the gauge was emptied of water every 
week and the insida of the gauge waa shghtly rubbed with grease which 
waa then removed, a sufficient amount only being left to greatly retard capil- 
larity without any grease appearing upon the BUrface of tlio water to retard 
evaporation. 

An experiment; to test the influence of capillarity was carried on for 5J 
years, from April 1884, to September 1889, with three 6-inch gauges standmg 
in a tank of water. The monthly results are shown in Tables VU., VUI. 
and IX., and gave the following average annual amount of evaporation : — 

Copper 27-22 ins. 

White 23'90 „ 

Copper (slightly greased) 21'70 ,, 
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TABLE IX. — EVAI'ORATION FROM 5 IN. Coi'l'KU EVAPORATOR (SLIOUTLY QREASED) 

STANDING IN WaTKU. 
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The 1 foot floating evaporator gave iu the same period an average annual 
evaporation of 19'68 inches. It will be seen, therefore, that the cflect of 
slightly greasing the interior of the walls of the evaporating gauge was to 
reduce the evaporation in a copper gauge of identical pattern by 5*52 ins. per 
annum, or over 25 per cent. Having regard to the relative area of the water 
surface and the wetted perimeter, and assuming that the same loss occurs 
in the 1 foot floating evaporator, in order to get the true evaporation from the 
water surface a correction would require to be made by way of deduction of 
2'88 ins. ; the correction for the 8 feet evaporator would bo about '776 in. per 
annum, while for a 6 feet evaporator a correction would have to be made of 
•888 in. 

The error of capillarity, however, is balanced by an error existing in the 
opposite direction when computing the deductions to be made for rainfall, 
as I And upon making experiments that some of the pluses which occurred in 
the evaporation readings were due to excess of rain measured in the evapo- 
rator over that of the rain gauge. This led me to investigate how much 
rain adhered to the surfaces of the rain gauge and was lost in the gaugings 
and I found that both in the 5 inch rain gauges of the Symons pattern (of 
which I use a large number), and also in the 8 inch rain gauge of the Glaisher 
pattern, the loss from this cause averaged 'OOSin. every time the rain fell, 
and the gauge was wetted and subsequently emptied. Having regard to 
the number of days on the average when precipitation took place in the 18 
years over which the experiment extended, it was found on the average that 
precipitation of one kind or another occurred upon 2,421 occasions, which is 
equivalent to a loss of •98in. in depth per annum to the evaporator, so that 
the eiTor due to capillarity would be reduced in the 1 foot evaporator to 
1*40 in., making the actual annual evaporation from the water surface in 
the 18 years 18*5 ins. In the case of larger evaporating gauges, instead of 
a deduction, an addition would be required by reason of this error, due to the 
insufficient record of the rain gauge, as the error due to capillarity is less 
than the rain which is lost by adhesion to the rain gauge. The corrections 
for evaporating gauges will diflcr in most cases, and each station must be dealt 
w Ih on its own merits. The actual number of times the rain gauge was 
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altcroatoly wefctod and dried was greater than the numbers given, and after 
every sopai'ato shower loss would be sustained owing to rain adhering to the 
gauge. 

It is a well-known fact, and will be seen from the observations, that 
there is an enormous discrepancy between a gauge fully exposed to at- 
mospheric influences and one floating on or immersed in water ; and some 
observations were made to determine the temperature of the water in 
the respective gauges, when it was found, on an experiment extending over 
five years, that the temperature of the water of the gauge fully exposed to 
the air was 60°' 16 at 9 a.m., while the floating evaporator in the same 
period had a temperature of 48°'46. On an average of two years the tem- 
perature taken at 9 a.m., between 1 and 2 p.m., and again at 9 p.m., showed 
that both at morning and at midday the temperature of the water of the 
gauge in the air was much higher than that of the gauge in water, while the 
temperatures taken at 9 p.m. showed that the temperature of the gauge in 
water was higher than that of the gauge in the air, the average for the two 
years being : — 

o 

Temperature taken at 9 a.m. Gauge in air ... ... 51*2 

„ ,, Floating gauge ... ... 48*1 

Temperature taken between 1 and 2 p.m. Gauge in air... 57*7 

,, „ ,, Floating gauge 52*2 

Temperature taken at 9 p.m. Gauge in air ... ... 4G'4 

,, „ Floating gauge ... ... 48'3 

On one occasion (July 8rd, 1887) the water in the evaporator in the air 
reached a temperature .of 100°*2, while the temperature of the wator in 
the floating evaporator did not exceed 76°* 4, this latter reading occurring on 
the same day that the air evaporator arrived at its maximum temperature. 

Regarding the comparison between the temperatures of the water of the 
evaporators and the ordinary atmospheric temperatures, I have found that 
on an average of 18 years the temperature of the air at Croydon at 9 a.m. 
was 48°'91, while the temperature of the water of the floating evaporator at the 
same hour was 48°-43. The average temperature of the air in the same 
period was 48^*75, so that, in all probability, the temperatures which were 
taken at 9 a.m. differ but slightly from the average mean temperatures both 
of the air and water for the place of observation. 

In the figures representing evapoiation no deduction whatever has been 
made for condensation, which has been kept quite separate and distinct, as 
otherwise it would not be possible to compare the tonsional diflcrcnces which 
tend to produce evaporation or condensation. I find that in the course of 
13 years the tonsional difference, or the difference of the respective heights 
of a column of mercury represented by the vapour tension duo to the 
temperature of the dew-point at 9 a.m., and that due to the temperature of 
the water under evaporation at the same hour was '864 in. — '291 in., or 
•073 in. The monthly differences of vapour tension are shown in the fol- 
lowing table : — 
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the least being in November The maximnm evaporiLtioo recorded was 
greatest in July nnd lenst in Dccembor. It must not, however, be supposed 
that the evaporation of water is sololy duo to the tensional differences, as 
dirsot eiperimonts ^hich I have made show this is not the cose. 

In the course of my experiments I was vorj desirous of ascortainiog if auy 
evaporation took place below the surface of the ground, so as to diminish 
the volume of the water which had already passed by percolation into the 
subsoil. With this view I determined to carry oat a series of experiments 
in a cellar entirely below the ground, having no external opening and 
arched with brickwork, the only opening in it being the doorway, and the 
observations were recorded once a week, extending from May 4th, 1887, to 
Boptembei 25th, 1880, or for a period of 876 days. In this time the amoant 
of evaporation taking place from ft small glass evaporator I'5 inch diameter 
and freely exposed to the air, was only l-9GGin. ; the moan temperature of 
the water evaporated, as determined at the time of the weekly inspection, 
was found to average 69°'l for the whole period, the mean temperature of 
the air of the cellar, as arrived at from a registering maximnm and minimum 
thormometer, being 63°'S. The temperature of the dew-point, as determined 
by weekly observations, was 60°'8, and the tcnsionol difTerence between the 
water and the dew-point was 'OSain. The highest temperature recorded 
during the experiments was 66°, and the lowest temperature 40°-3. The 
tensional difference in this case exceeds that of the month of March in 
the ordinary floating evaporator, while the amount of evaporation taking 
place was at a rate not more than l-12th part of that which occurs in 
the month of March. A second experiment of this character was made in 
another cellar below the ground level, but in which there was an external 
opening at the top 9 inches by G inches, and also lu the inner wall a corre- 
sponding opomog, which tended to create a slight air current through the 
collar. These openings wore, however, some 4 or 6 feet above the level of the 
evaporators. The ceiling of this cellar was lath and plaster. The experi- 
ments commenced on October Gth, 1889, and terminated on January Srd of tha 
present year, lasting for a period of 820 days, a 6 inch copper evaporator 
being used, similar in all respects to the one freely exposed to the atmos- 
phere. In that time the total amount of evaporation amounted to S'lS ins., 
the mean temperature of the water evaporated, as arrived at by weekly 
observations, was 62°-6. The mean temperature of the air of the cellar, 
ns arrived at from the mean of the maximum and minimum registering 
thermometers, was BS^-2 ; the mean temperature of the dew-point was 50°-8, 
or identically the same as in the former cxpcrimeuts, the tensional diil'erenco 
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betweoa the dew-point and water being '026 in. The highest temperature 
recorded in the cellar was 63°-6 ; the lowest 40°-2. It will bo seen, therefore, 
from these experiments, that although the conditions are less favourable so 
far as tensional differences and temperature are concerned, the amount of 
evaporation is at least three times as great as that in the case of the cellar, 
which has no provision for air currents passing through it. 

These experiments show the enormous influence of the movement of air 
in aiding evaporation. In all evaporation experiments, however, it is 
extremely difficult to determine what is the proper factor to use in any 
formulae which may be adopted for calculating the evaporation from tensional 
differences and movements of the air. The movement of the air over the 
ground is considerably less than that which is recorded by an anemometer 
fixed at a considerable altitude above the ground. In some experiments 
which were made by Mr. Desmond Fitzgerald, at the Water Works, Boston, 
U.S.A., he records the fact that he found the air motion at the ground level was 
about one-third of that given by the ordinary anemometer. I may mention 
that the experiments made at Strathfield Turgiss during 10 years, 1878 to 
1882 (which have been worked out by the late Mr. Charles Greaves), show 
that the velocity of the wind on a low anemometer was but 2*4 miles per hour, 
which would probably not be more than a fourth of that which would have 
been given by an anemometer at the usual altitude above the ground. By 
comparing the wind observations which were taken by Mr. Edward Mawley, 
F.R.Met.Soc., at Croydon, with evaporation in the same years, the move- 
ment of the wind alone will not account for the difference in evaporation, for 
in the year 1879 there was about the same amount of wind movement as in 
the year 1884, yet in 1879 the floating evaporator gave but 15*02 ins. of 
evaporation, whilst in 1884 we had 22*86 ins. The difference of temperature 
in these years was considerable, the mean being nearly 4^ higher in 1884 than 
in 1879, which was an unusually cold year. The largest average velocity of 
wind occurred in 1882, and taking individual months, as, for example, 
November of that year, the average velocity of the wind was 18 miles per 
hour ; the temperature of the water of that month was 41^-5, or below the 
average temperature, while the evaporation for the month was much above 
the average. The month of September is that in which there is the least 
amount of wind, and in this month evaporation rapidly declines ; and although 
the temperature of the water in September is considerably higher than in 
May, the amount of evaporation is considerably less in September than in 
May. 

With reference to the influence of sunshine and cloud upon evaporation, 
both these influences are to be felt to a limited extent. The largest evapora- 
tion, it will be seen, occurred in the year 1884 ; that was the year in which 
there was the least average amount of cloud. The largest monthly evaporation 
occurred in July 1887, and in that month there was the least amount of cloud 
of any month during the whole scries. As to bright sunshine, referring to 
observations earned on by Mr. Mawley at Addiscombe, Croydon, and com- 
paring them with the result of evaporation in the same years, or between 
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1880 and 1881. the largest amount of bright sunshine occurred in tbo month 
of May 1882, and in that month there was a particularly largo evaporation 
from the water surface, in fact the largest recorded in May for the whole 
series of years during which the observations were going on. The least 
amount of sunshine, however, does not accurately accord with the least amount 
of evaporation, but this occurs, of course, at periods of the year when the 
least amount of evaporation does take place. 

A series of percolation experiments were carried on simultaneously with 
the evaporation experiments ; two percolating gauges were used, each 3 feet 
square and 3 feet deep, one gauge being filled from a section of one of the chalk 
downs in the neighbourhood of Croydon (Riddlesdown), and the other with 
gravel soil of the valley of the old Town of Croydon. Each gauge had its natural 
growth of grass upon the surface. The growth of grass on the chalk percolating 
gauge was shown to be considerably less in weight than that which was obtained 
from the gravel percolating gauge from time to time. The result of 18 years 
experiments, from January 1879 to December 1891, show that the average 
amount of evaporation (being the difi'erence between the rainfall and percola- 
tion) ascertained in this way from the chalk gauge was 15*05 ins., and taking 
12 years, commencing in October and terminating at the end of September, the 
average evaporation was almost identical with that given by the foregoing 
figures, as it was found to be 15*09 ins. The gravel percolating gauge in the 
same 18 years gave an evaporation of 15*13 ins., whilst in the 12 years ending 
September it was 15*03 ins. The amount of water, however, evaporated 
from the ground depend very much upon the nature of the soil, as to whether, 
or not, it is retentive of moisture. This is clearly shown by the evaporation 
and percolation experiments of the late Mr. Charles Greaves. The average 
amount of evaporation arrived at by a floating gauge 3 feet square at Lea 
Bridge in 23 years, 1860 to 1882 inclusive, after dodnciing the pluses due to 
condensation, was 19*35 ins. A ground percolating gauge gave 18*17 ins., 
whilst a sand percolating gauge in the same 23 years gave an evaporation 
of only 3*78 ins. A similar set of experiments made by Mr. Greaves at Old 
Ford in 10 years— 1873 to 1882 — gave an evaporation from a 3 feet water 
surface of 19*G5 ins., from a ground percolation gauge of 21*72 ins., and 
from a sand percolation gauge, G.G9 ins. The result of 35 years experiments 
with the ground percolation gauge of Messrs. Dickenson and Evans gave in 
that period an evaporation of 21*1G ins. It is obvious, therefore, that 
percolating gauges cannot always bo relied upon to give a true amount of 
evaporation, as at certain periods they are so dry that the evaporation is 
restricted by the dryness of the percolating medium in the gauge. In a 
percolating gauge no water is allowed to accumulate in the subsoil, and in 
this respect it difiers essentially from ground in its natural state. As to 
whether or not evaporation does increase with the depth of the soil is a 
matter upon which there can be no doubt. The only experiments of this kind 
have been taken at the laboratory of Sir John l^cnnct Lawes, Bart., F.R.S., 
and Dr. Gilbert, F.R.S., at Rothamsted, in which they have had percolation 
gauges 20 ins., 40 ins., and GO ins. deep at work for a number of years, 
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but, unfortonat^ly, these gauges are not filled with the same material. This 
is an essential point in judging of the influence of depth, as the slightest 
difference in the quality of the soil very much aflfects the result, as will be seen 
from the extraordinary difference in the results given by the sand and earth 
gauges already referred to. However, they do show that in 21 years — from 
January, 1871, to December, 1891, — the 20 in. percolation gauge gave an 
evaporation of 15'71 ins., the 40 in. gauge, 14-90 ins., and the GO in. 
gauge, 16-30 ins. 

The great object which I had in view in conducting these experiments 
was to determine really the amount of water which was yielded by the chalk 
formation. With this object 29 rainfall stations were established on an area 
of 20 square miles of chalk formation, at an elevation varying from 180 feet 
to 870 feet above Ordnance Datum, forming the drainage area of the Croydon 
branch of the River Wandle, and, at the same time, the quantities of water 
flowing from this area have been determined by continuous gauging for 
some years. Owing to difficulties, however, arising from the inequality of 
the volumes of water stored in the ground, the commencement of the year is 
not a suitable period for determining the amount of evaporation taking place 
from such areas. I selected, in the first instance, 12 years — commencing 
October, 1880, and terminating at the end of September, 1891 — and found 
that in this period the actual difference between the rainfall and the quantity 
flowing off', representing evaporation, was 20*28 ins. But the real evapora- 
tion was something more than this, as in October, 1880, there was more 
water in the ground than at the end of September, 1891 ; consequently, by 
selecting a period in which there was the same quantity of water in the 
ground, I found that at the commencement of the month of November, 1878, 
there was about the same quantity of water in the ground as there was at 
the end of July, 1891, the evaporation taking place between these dates 
being equal to 21*5 ins. per annum. 

It is necessary to compare these gaugings with another series of gaugings 
in the drainage area in which my observations were carried on, viz. in the 
drainage area of the River Gravenoy, which contained 8*85 square miles before 
the year 1882, but by the construction of a railway cutting through Park Hill, 
Croydon, part of the area has been diverted, so that afterwards it contained 
but 7*8 square miles. This drainage area has au elevation varying from 
40 feet to 280 feet above Ordnance Datum, the soil of which consists mainly 
of London clay, with patches of pervious material lying upon it, in some 
parts, the whole of the water from which finds its way into the stream. 
The result of seven years daily gauging of this stream — from January, 1879, 
to December, 1885 — showed that the evaporation was 19 '69 ins. There 
were periods when this stream was absolutely dry, so that the evaporation, 
unlike that in the chalk district, was restricted at certain periods of the year, 
and this may account for the fact that the evaporation was loss than that 
given by the larger chalk area. 

With reference to the subject of condensation, I foun 1 that not only did 
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oondensatioD tako place on the surface of the water whenever its temperatare 
was lower than that of the dew-point, hat I constructed an earth hygrometer, 
consisting of three perforated cylinders, each containing 21*84 Ihs. of earth 
when dry, and which, when fully saturated, weighed 29*026 lbs. The 
cylinders were suspended at the end of a balanced arm, which recorded the 
differences in the quantity of water present in the soil at any time. One 
cylinder was suspended at 1 foot below the surface of the ground, a second 
2 feet, while the third was suspended in the air, protected from rain by a 
double louvre screen. The results recorded by this instrument show that in 
the day-time, on every warm day — that is, when the earth itself is colder 
than the external atmosphere — a sensible amount of condensation takes place 
in the soil ; but at night, when the temperature of the atmosphere falls below 
that of the earth, evaporation takes place, so that, as a rule, in hot weather 
the two cylinders in earth are heavier at 9 o'clock at night than they are at 
9 o'clock in the morning. The exact opposite to this occurs with the cylinder 
which is suspended in the atmosphere, for on every warm day it sensibly 
lost weight in the day- time, and every night it increased in weight. The 
quantities, however, are very slight, as the particular earth used had not 
such good hygrometric qualities as some other soils, but it was the same soil 
as surrounded the instrument in the early periods of observation. A difference, 
due to condensation, of *05 per cent, was not an infrequent amount recorded, 
and this was equal to 65 gallons of water on the first foot in depth per acre, 
but more frequently the quantity recorded in very hot weather was twice or 
even more times as much. 

In the course of my observations on the flow of underground water, I have 
observed that at certain particular seasons of the year it was possible to indi- 
cate the direction and volume of the flow of underground streams, even when 
they were at a considerable depth below the surface, owing to the formation of 
special lines of fog. Upon comparison with underground temperatures, which 
were taken at the same period, it was found that the temperature of the ground 
for most months in the year exerted an effectual check against the escape of 
the vapour arising from water in the ground, as the ground acted as a con- 
denser, for, as a rule, except between September and November, there is 
always some stratum of the ground within 25 feet of the surface which is 
colder than the temperature corresponding to the tension of the vapour given 
off by the ground water ; but about the months of September or October 
there are limited periods when no part of the ground between the ground 
water line and the surface is colder than the ground water, consequently, 
in these short periods vapours readily escape from the ground, and when 
accompanied by cold air and a clear sky, as often happens in September and 
October, these particular fog lines then appear which indicate the presence 
of ground water and the direction in which it is flowing. It seems that in 
nature there are constant checks supplied against the inordinate loss of 
water from the surfaces which receive it, and very dry surfaces are often 
compensated to a conEiderable degree by the moisture which is condensed 
in them, owing to the difference of temperature between their surface and 
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tliat of tho atmospboro ; whilst with the dccpor waters, a9 long as Uie vapours 
can Borve the nscs of vegetation, an eficctoal c;hDck by tho temperature of the 
ground ia provided, so that these vapoars are cendeoBcd within a limited dis- 
tance from tho aurfaco of the ground, and safficientl; near to ba brought np 
by capillarity to serve tho requirements of the growing plant. PoBsiblj it 
is by reason of this provision in nature that onr groat chalk downs, containing 
the subsoil water at coneidorabte depth below the surface, do not suffer so 
mnch in a dry season aa other lands in which there is no snbBoil water. 

The diagram sfaows in graphic forni tho amount of evaporation and tho 
eondittoDS influencing it. The tonsioual difference in this diagram is moa- 
sorod in inches of mercury, the vortioal scalo being 20 times tho natural 
Bcale. 
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REPORT OF THE COUNCIL 

FOR THE YEAR 1891. 

The Council, in presenting their Report for the year 1891, are happy to 
inform the Fellows that they have at last succeeded in providing better 
accommodation for the library and offices of the Society. They appointed 
a House Accommodation Committee which made inquiries as to offices in 
the neighbourhood of Westminster, Burlington Gardens, Hanover Square, 
and Adelphi Terrace, the members of which committee personally inspected 
several premises in those localities. It was considered that the suite of 
three rooms on the second floor at No. 22 Great George Street was 
the most suitable for the Society, being accessible, commodious, and well- 
lighted, and also in the immediate vicinity of the Institution of Civil 
Engineers, whose hospitality the Society has so long enjoyed. As soon as 
these rooms had been viewed by the Council, and kindly surveyed on behalf 
of the Society by Mr. Ernest Turner, F.R.I.B.A., arrangements were made 
for taking them on lease from March 25th, at a rental of £180 per annum. 
The necessary fittings for the accommodation of the library, stock of publi- 
cations, and other documents, and the furnishing of the rooms, were carried 
out under the direction of the Committee. As these preparations required 
some time, the whole of the library was not removed from the old offices at 
No. 80 Great George Street until June 24th, when the Society's tenancy of 
those rooms ceased. Although the removal threw much extra work upon the 
Society's officers, and caused arrears in the issue of the publications, it has 
been on the whole beneficial, as leading to a thorough examination of the 
papers and documents preserved by the Society, to the elimination of many 
duplicate and non- meteorological books and pamphlets, and to an improved 
classification, which will render the library even more generally useful than 
formerly. 

The Council believe that the acquisition of these new offices marks a very 
important advance in the history of the Society, and trust that their action 
will be heartily approved by the Fellows. 

The Council have much satisfaction in announcing that the subscriptions 
promised to the New Premises Fund now amount to JB1,168 8s. 6d., of which 
£1 ,089 5s. 6d. has been paid, and invested in South Australia 8 J per cent. 
Inscribed Stock. The Council hope that they may receive farther contribu- 
tions from the Fellows to this Fund* as the interest of its investment is, for 
the present, to be applied towards defraying the increased rental, which will 
form a considerable charge on the finances of the Society. 

Afiniial Exhibition of Instruments. — A large and interesting Exhibition of 
Rain Gauges, Evaporation Gauges, New Instruments, «fcc., was arranged in 
the rooms of the Institution of Civil Engineers in time for the reception given 
by the President of the Institution, Sir John Coode, on Tuesday, March 8rd, 



REPORT OF THE COUNCIL. 69 

and remained open until Friday, March 20th. There were 12:1 exhibits, 
which were classified as follows : 1. Old Pattern Rain Gauges ; 2. Experi- 
mental Rain Gauges; 3. New Pattern Rain Gauges; 4. Mountain Rain 
Gauges ; 5. Storm Gauges ; G. Registering and Recording Rain Gauges ; 
7. Foreign Rain Gauges ; 8. Miscellaneous Rain Gauges ; 9. Evaporation 
Gauges ; 10. Instruments not previously exhibited ; 11. Photographs, &c. ; 
and 12. Maps and Diagrams. 

In connection with this Exhibition Mr. Symons read an interesting paper 
entitled ** A Contribution to the History of Rain Gauges " at the meeting on 
March 18th, and under the head of New Instruments, or rather New Methods 
of Observation, Mr. Clayden exhibited and described a series of lantern slides 
illustrative of the work of the British Association Committee on the applica- 
tion of Photography to the elucidation of Meteorological Phenomena. 

Stations. — Observations have been accepted from the following Climatologi- 
cal stations : — Addington Hills, Surrey ; Appleby, Westmoreland ; Bexhill, 
Sussex ; Northwich, Cheshire ; Plymouth, Devon ; Ravensthorpe, Northamp- 
tonshire ; Sheemess-on-Sea, Kent ; Sutton Coldfield, Warwickshire ; and 
Windermere, Westmoreland. The observations have been discontinued at 
Ramsgate, Kent ; and Southboume-on-Sea, Hants. Hopes are entertained 
that Southboume may be replaced by Bournemouth. 

Copies of detailed monthly returns and annual summaries of results from 
a number of stations have been supplied as usual to the Meteorological 
Office. 

Inspection of Stations, — All the stations south of latitude 52° N, which 
had not been inspected during the last two years, were visited, and were 
found to be on the whole in a satisfactory condition. Mr. Marriott, in 
his Report (which will be found in Appendix I. p. 71) has called attention 
to the want of uniformity amongst observers in the use of the Jordan Sun- 
shine Recorder. The Council have considered the matter, and recommend 
all observers who employ this form of instrument to comply with the 
following instructions : — 

1. Only the sensitised papers as furnished by the manufacturers are to 
hv used. Care must be taken to keep them in a dry and dark place. Not 
more than throe or four months stock of papers should be procured at once. 

2. The papers must fit the cylinder perfectly, and the apertures be kept 
free from dirt. 

8, In order to fix the record, the paper must be placed in cold water with 
its face upwards ; four miuutes immersion will be sufficient ; then it must 
bo dried between sheets of blotting paper. 

4. The papers must be fixed and dried as above, before the record is 
measured for tabulation. 

Wind Force Experiments, — Mr. Dines is still carrying on an extensive 
scries of experiments with various forms of anemometer, the cost of which 
is being defrayed by the Meteorological Council. Several members of 
Council and Fellows of the Society interested in the subject visited Oxshott 
on Saturday, December 12th, to see the anemometers at work and the new 
arrangements which Mr. Dines has adopted for recording their indications. 

NEW SEBIES. — VOL. XVIII. F 
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International Meteorolofjical Conference. — ^This Conference was held at 
Munich from August 26th to September 2nd, on which occasion the For- 
eign Secretary, Mr. Scott, acted, as nsnal, as the representative of the 
Society. His Report of the proceedings at this Conference was read at 
the November meeting, and will be found at p. 1 of the present volume. 

Congress of Hygiene. — Dr. Marcet and Dr. Tripe were nominated by the 
Council as delegates from the Society to the Q-eneral Committee of the 
International Congress of Hygiene and Demography, which was held in 
London from August 10th to 17th. Mr. Mawley (Member of Council) acted 
as one of the Secretaries of the Meteorological Section. The Council voted 
the sum of five guineas towards the expenses of the Congress. 

Thunderstorm Investigation. — The discussion of the Thunderstorm Obser\'a- 
tions for 1888 and 1889 has been completed. The results have been com- 
municated to the Society in a Report by Mr. Marriott, which was read at 
the December meeting, and which will be found at p. 28 of the present 
volume. 

Donations. — Considerable additions have been made to the Library during 
the year, a list of which will be found in Appendix VI. The Hon. Ralph 
Abercromby has presented to the Society a Breguet Barograph and a 
Standard Fortin Barometer. A large and interesting collection of cloud 
photographs has been received from Dr. Riggenbach, of Basle. 

Quarterly Journal and Meteoi'ological Record. — These publications have 
been continued as usual, although the issue of the Record has been considerably 
delayed, owing to the time of the staff having been taken up by the removal 
from the old to the new premises, and the work was further interrupted for 
some weeks during the autumn by the illness of two members of the staff. 

Dinner. — In commemoration' of the entrance of the Society on its New 
Premises, a Dinner was held at the Holborn Restaurant on Tuesday, July 7th, 
and was attended by a number of the Fellows. 

Committees. — The Council have been assisted by the following Com- 
mittees : — 

General Purposes Cobimittee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Bayard, Brewm, Ellis, Inwards, and Williams. 

EniTiMa Committee. — Messrs. Blanford, Inwards, and Scott. 

House Accommodation Committee. — The President, Secretaries, Messrs. 
Bayard, Inwards, Scott, and Williams. 

Annual Exhibition Committee. — The President, Secretaries, Messrs. 
Bayard, Ellis, Scott, and Strachan. 

Thunderstorm Committee. — The President, Secretaries, Messrs. Blan« 
ford, Clayden, Ellis, Inwards, and Scott. 

Stations Committee. — The President, Secretaries, Messrs. Bayard, Ellis, 
C. Harding, Mawley, and Scott. 

Wind Force Committee. — The President, Secretaries, Messrs. Chatterton, 
Dines, C. Harding, Laughton, Munro, and Scott, with Mr. Whipple repre- 
senting the Kew Committee. 

Fellows. — The changes in the number of Fellows during the year are 
k shown in the following Table : — 
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Fellows. • 


1 
Annual, i Life. 


Honorary. 


Total. 


1890, December 8l8t... 


406 


188 


16 


555 


Since elected 


+ 88 

- 1 

- 7 
-24 

- 4 


+ 1 

+ 1 

-8 

• • • 

... 


• • • 

• « • 

-1 

• . • 


+84 

-11 
-24 
- 4 


Since compounded 

Deceased 


Retired 


Defaulters 




1891, December 81st... 


408 


182 


15 


550 



Deaths. — The Cooncil have to announce with much regret the deaths of 
ten Fellows and one Honorary Member. The names are : — 



Henry Ford Barclay 

Capt. William Chimmo, R.N., F.R.A.S. 

William Ferrel, M.A. (Honorary Member) 

John Graham 

John Merrificld, LL.D., Ph.D., F.R.A.S. 

George Wareing Ormerod, M.A., F.G.S. 

The Right Hon. Earl of Powis 

Thomas William Stone, Assoc.M.Inst.C.E. 

Herbert Coupland Taylor, M.D., J.P. 

Nicholas Whitley 

Robert Stodart Wyld, Jun., M.Inst.C.E. 



elected June 18 
Jan. 16 
Dec. 20 
May 7 
Nov. 20 
Nov. 18 
April 16 
Dec. 18 
Fob. 17 
Mar. 19 
Nov. 19 
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1862. 
1861. 
1882. 
1850. 
1872. 
1874. 
1879. 
1889. 
1886. 
1862. 
1890. 



APPENDIX I. 



INSPECTION OF THE STATIONS, 1891. 

I have inspected during the year all the stations south of 62° N. which had 
not been visited during the past two years, and found them to bo on the 
whole in a very satisfactory condition. 

The changes in the zeros of the thermometers were not very numerous ; 
but at two stations where the thermometers had, owing to breakage, been 
replaced by others, the corrections] of the dry and wet bulbs were found to 
vary considerably from those which were being used. 

At Ventnor, there have been two or three changes in the observers since 
my last visit ; and the present observer, who had been in charge for about 
two months, had not been instructed in the method of observing. I found 
that the maximum thermometer was being read and set at 8 p.m., instead of 
at 9 a.m., and that the bulb of the wet thermometer was inside the bottle 
containing the water. At Exeter I also found that the grass had been taken 
up, and the enclosure covered with cinders. I at once requested that the 
cinders should be cleared out and grass laid down again. 



72 BEPOBT OF THE COUNXlL. — APPENDIX I. 

At Old Street, London, the rain gauge was completely worn out, having 
bicn eaten away by the noxious smoke, &c., in the London atmosphere. A 
new outer casing had only been put on three years ago, but this was also 
eaten through. I at once ordered a new gauge of galvanized iron, which I 
hope will more successfully withstand the action of the London atmosphere. 

There is frequently very great difficulty in securing a full exposure for the 
Sunshine Recorder, and I fear that at some of the stations the instruments 
do not record the whole of the sunshine. In two or three cases trees have 
grown up since the recorder was first put into position, and now cut oflf some 
of the sun's rays. It is not an uncommon thing for observers to purchase a 
Sunshine Recorder without first ascertaining whether they have a convenient 
and suitable site for exposing it. 

The Jordan Sunshine Recorder, in its present form, does not seem to be a 
very satisfactory instrument. The papers probably are not all of the same 
sensitiveness, and on being fixed do not always come out of the water with the 
same degree of clearness. The Society's observers are instructed to fix the 
papers by immersion in water before reading oflf the trace. I find, however, 
that some others use different methods, e,g. some measure the trace without 
being fixed at all, while others fix the papers with a solution of sulpburic 
acid, instead of water. I think it very desirable that the Council should 
determine what is the best method to be adopted for working the Jordan 
Sunshine Recorder, so that strictly comparable results may be obtained by 
all observers who use this form of instrument. 

William Makbiott. 

October 20th, 1891, 



NOTES ON THE STATIONS. 

Addiscomde, October 9th. — The thermometer screen required painting and 
the legs renewing. 

Beddington, October 9th. — All the instruments were in good order. An 
apple tree on the south-south-cast required cuttiug back. 

Bennington, September 11th. — This station was in good order. A Jordiin 
Sunshine Recorder and an earth thermometer at 1 foot have been added 
since the last inspection. 

Berkhamsted, October 1st, — All the instruments were in good order. 

Bexhill-on-Sea, September 23rd, — The instruments are placed on a lawn 
in a very well exposed situation. The thermometers required rearranging 
in the screen. The Jordan Sunshine Recorder is mounted on a post at the 
Coastguard Station, and is about 8 feet above the gi'ound. 

Brighton, September 22nd,— 1 found that the thermometer screen had 
been painted green, and that the door was oft' its hinges. I requested that 
this should be repaired, and that the screen should be painted white. I also 
requested that the rain gauge should be moved about 15 feet east of the ther- 
mometer screen, and that some branches should be taken off the surrounding 
trees. 
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Castle Hill, July 16lh, — This station, which is about 3 miles west of 
Sonth Molton, and 8 miles east-south-east of Barnstaple, is in somewhat of 
a valley running from north-west to east, and is near Castle Hill House. 
The instruments are placed in the kitchen garden of the School House. The 
minimum thermometer had gone up 0^*3. 

Chelmsford, Septembet- 4th, — The instruments are placed on the lawn, 
which has some fruit trees in it. The exposure is satisfactory. The rain 
gauge was not fixed in the ground, as it was moved about when tennis was 
played, and at the time of my visit was nearly under one of the trees. I 
selected a new site for the gauge, and recommended that it be a fixture with 
the rim 1 foot above the ground. 

Cbomer, October 24th, — This station was not in a satisfactory condition. 
The thermometer screen required shifting round so that the door should 
open to the north. The minimum thermometer was out of order, the column 
of spirit being broken up. The thermometers were only read to whole de- 
grees. The rain gauge I found had not been attended to daily. I adjusted 
the instruments, and put them in working order, and also instructed the ob- 
server in the method of reading them. 

Eastboubne, September 28rd, — The large tree that was on the south- 
south-west, referred to in the last Report, had been cut down some timo 
previous to my visit. On examining the thermometers it was found that the 
wet bulb had gone up 0°'2, and that the minimum had gone down 0°-2. 

ExETEB, July 17th, — This station was not in a satisfactory condition. 
All the grass had been taken up from the enclosure and cinders laid down. 
I strongly urged that these should be cleared out at once, and grass relaid. 
The thermometer screen required painting. 

Guernsey, July 18th, — The tube of the minimum thermometer was loose 
and required fixing. The rain gauge had been moved about 8 feet south- 
east of its former position. The Jordan Sunshine Recorder is on the roof 
of the house. The exposure appeared to be clear all round except on the 
west-north-west, where the ridge of the house might possibly intercept the 
evening rays. 

Hakestock, July 23rd, — The instruments were all clean and in good 
order. 

London, Old Street, October 13th, — As the rain gauge was completely 
worn out, I forthwith ordered a new galvanised iron gauge, which was to bo 
placed about 2 feet south of the former site. Owing to an accident to the 
dry and wet bulb thermometers, another pair of thermometers wore sent to 
the observer in March 1890. On comparing these thermometers it was 
found that the dry had risen 0°*8 and the wot l°-0 above the Kew correc- 
tions of 1 888. 

Lynsted, Septemhtr 16th, — This station is about 8 miles south-east of 
Sittingboume. The instruments are placed in the kitchen garden. The 
thermometer screen required strengthening and painting. I recommended 
that grass should be laid down round the thermometer screen. On compar- 
ing the thermometers it was found that the maximum had gone up 0^*2. 
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Maroatb, Sepiember 16th. — This station was, in good order. On com- 
paring the thermometers it was found that the earth thermometer at 2 feet 
had gone up 0^*2. Mr. Stokes has a Richard Barograph at work, and con- 
templates starting a Sunshine Recorder. 

Mablbobouoh, July 13th. — The thermometers were all in good order. 
The earth thermometers, however, required some adjusting, as they were not 
quite at their proper depths. 

PoBTSMOUTH, September 21st. — The instruments are in the grounds of the 
Milton Hospital and are well exposed, the situation being open and the 
ground flat. In addition to the usual instruments. Dr. Mumby has a Jordan 
Sunshine Recorder, earth thermometers at 1 and 4 feet, and a Robinson 
anemometer. The Sunshine Recorder was mounted on the top of the 
thermometer screen, and evidently did not get all the sunshine. I recom- 
mended that it should be placed on the roof of the stable, and also that 
the thermometer screen should be painted white instead of stone colour. 

Ravbnsthobpe, October 2nd.— Thi^ station is 9 miles north-west of 
Northampton. The instruments are placed in an enclosure in a field 
belonging to the Northampton Corporation Waterworks. The ground 
slopes to the north-east. The exposure is very open. The thermometers 
are mounted on a stand which is open to the north. I recommended that 
an additional board should be fixed on the south side, with a few inches air 
space between it and the present board, and that some holes should be 
made in each board ; also that the stand should be painted white instead of 
slate colour. I gave the observer full instructions as to the m ana g e m ent 
of the wet bulb and the other instruments. 

Regent's Pabe, October 18th. — A garden minimum thermometer was 
being used temporarily, as the column of spirit in the ordinary minimum 
thermometer had been broken. This, however, I set right. A new 8-in. 
rain gauge has been started, and the records agree with those £rom the other 
gauge. 

RousDON, July 15th, — The instruments have been placed in a large en- 
closure in a field near the Astronomical Observatory. The exposure is very 
good. The thermometers were all correct except the minimum, which had 
gone down (f'd. Mr. Peek has a Richard self-recording Rain Gauge, the 
funnel being above the roof of a shed, and the recording part inside. A 
5-in. check gauge is also mounted at the same level. Rousdon is on a hill 
over 600 feet above sea level, between Seaton and Lyme Regis, and is only 
a short distance from the cliff, which is very precipitous. The whole place 
is often enveloped in fog, while the air is clear at 200 or 800 feet below. 

Southampton, July 17th. — ^No change has taken place in the thermo- 
meters. The Rev. H. Garrett adopts the plan of filling the bottom of the 
tubes of the earth thermometers with oil, in which he immerses the bulbs. 

Southboubne, July 22nd. — I found that the observations had been dis- 
continued some months previously, and that Dr. Compton had gone into the 
country. As there was no prospect of the observations being continued by 
any one else at Southboume, I called upon several gentlemen in Bourne- 
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month with the view of inducing the Corporation to start a Climatologioal 
station in that town, which they have since done. 

Stowell, July 14th, — No change had taken place in the thermometers. 
The earth thermometer being on Negretti and Zambra*s plan, and imbedded 
in wax, could not be tested. The Sunshine Recorder was mounted on a post 
4 feet above the ground, and was not satisfactorily exposed. I recommended 
that it be moved to the field on the north-west and placed on a post 8 or 10 
feet high, where it would be much better exposed. 

Stbathfield Tuboiss, July 25th, — The instruments were in the same 
position as at the last inspection. On comparing the thermometers it was 
found that the proper corrections had not been used for the dry and wet, 
which, however, had both gone up, the dry reading 0°'6 and the wet 0°'7 
too high. 

SwABBATON, July 24th, — No change had taken place at this station. 

TuNBBiDGB Wells, Auyust 31st, — ^All the instruments were in good 
order. Dr. Smart has two solar black bulb thermometers, one fixed against 
a white wall, and the other against a black wall ; the former usually reads 
higher than the latter. He is also making experiments with a black bulb 
and a white bulb solar thermometer on the tower of his house. 

Ybntnob, September 19th, — This station was not in good order, as the 
observer had only been in charge a few months and had received no instruc- 
tion. I found that the maximum thermometer had been read and set at 8 
p.m., instead of at 9 a.m. The wet bulb was not working properly, as there 
was very thick muslin and thread round it, and the bulb was enclosed in a 
bottle containing the water. The dry and wet bulb thermometers had gone 
np 0P*1. I gave the observer full instructions in the management of the wet 
bulb and the other instruments. 

Weymouth, July 22nd, — There was no change in the instruments. The 
amount of cloud seemed to be under estimated. 

WoBTHXNo, September 21st, — This station was in good order. The mini- 
mnm thermometer had l°'l of spirit up the tube. Mr. Harris has a Richard 
Barograph which works very well. 

Wbydb, October 23rd, — The instruments were in good order. The read- 
ings are entered on a slate and copied off weekly. I recommended that a 
note book should be used instead of a slate. * 
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AFPEX- 
STATEMENT OF RECEIPTS AND EXPENDITURE 



Receipts. 

£ 8. d. ^ 8. d. 

Balanoe from 1890 339 

Le88 sum dae to New Premises Fond • 37 11 

301 9 

Sabscriptions for 1891 687 13 4 

Do. former years 17 6 

Do. paid in advance : . . . . 30 3 

Life CompositionR 42 

Entrance Fees 30 

806 IG 10 



Meteorological Office—Copies of Betoms 90 18 7 

Do. Grant towards Inspection Expenses 25 



115 18 7 



Dividends on Stock (including £36 58. 4d. from the New 

Premises Fund) 102 10 9 

Sale of Publications 36 13 6 



£1363 8 8 
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DIX II. 

FOR THE YEAR ENDING DECEMBER 81st, 1891. 



Payments. 

£ 8. d, £ 8. d. 

Journal, dtc. : — 

Printing Nos. 77 to 80 ; 135 5 G 

niustrationa 24 8 \) 

Authors* Copies 13 7 

Meteorological Becord, No5. 39 and 40 30 11 G 

Registrar-General's Reports 8 8 

212 9 

Printing^ dtc, : — 

General Printing 21 14 G 

Stationery 15 15 

Books and Bookbinding 23 5 9 

CO IG 

Ofice Expenses:^ 

Salaries , 367 

Rent and Housekeeper 128 15 3 

Fitting up Ne^ Offices 140 17 3 

Fomiture 40 3 8 

Removal Expenses, Coals, Insurance, <&c 18 11 2 

Postage 48 10 

Petty Expenses 16 1 8 

Refreshments at Meetings 15 11 1 

Exhibition of Insiroments 12 10 10 

International Congress of Hygiene 5 5 

792 17 9 

Observations : — 

Inspection of Stations 4118 9 

Observers at Old Street and Scathwoitc 7 2 

Instrmnents 15 7 

Thunderstorm Discussion 23 13 

73 9 4 

1130 8 10 
Balance : — 

At Bank of England 214 11 2 

In hands of the Assistant- Secretary 1) 13 8 

224 4 10 



£1363 8 8 



Examined and compared with the Vouchers, and found correct, 

J. S. HARDING, JuNR.. 



J. S. HARDING, JuNR.. I . ,., 
II. SOWEUBY WALLISJ ^«^'^<''**- 
January Uth, 1892. 



^ 
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APPEN^ 
ASSETS AND LIABILinES 



Liabilities. 

£ f. d. 

To SabfcripiloiiB paid in advanoo 30 3 

„ Qrant for Thonderstonn Inquiry, unexpended 3 1 6 



33 4 6 
„ Excess^ of Asseto oyer Liabilities 25GC 12 1 



£2599 16 7 



I TbiB excess is exdusiTC of the Talne of the Library and Stock of Pablicatioiis. 



NEW PREMISEB FUND. 



£ t. d. 

Amonnt paid to the Sooiety*B Funds towards the increased rent of the 

New Premises 86 5 4 

Invested in purchase of £100 2| per cent. Consols 97 7 6 

Do. Do. £934 Hs. 6d. South Australian 3} 

per cent. Inscribed Stock 907 17 6 

Do. Do. £1284B.lld. Do 124 11 8 

Do. Do, £6988.9d. Do 64 1 6 

1194 15 2 



£1231 a 
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DIX II. — Continued. 
ON JANUARY Ist, 1892. 



Assets. 

£ t, d, £ 8, d. 

By Inyeetment in M. S. and L. B. 4^ Debenture Stock, 

£800atl38 1104 

„ Inyestment in N. S. W. 4 per cent. Inscribed Stock, 

£654 18s. at 106J 697 9 4 

Inyestment in 2| per cent. Consols, £250 at 95^ 238 2 6 



» 



2039 11 10 



t> 



Sabsoriptions unpaid, estimated at 25 

„ Entrance Fees nnpaid 9 

„ Interest dae on Stock 31 19 11 

„ Fomitore, Fittings, &e 200 

„ Instruments 70 

„ Cash in hands of Bank of England 214 11 2 

„ Do. „ the Assistant Secretary 9 13 8 



65 19 11 



270 



224 4 10 



£2599 16 7 



January Uth, 1892. 



J. S. HARDING, JuNB., ) . ,., 
H. SOWBRBY WALLIS, J ^^^^o^- 

WILLIAM MABBIOTT, AstUtant Secretary. 



DECEMBER 8l8T, 1891. 



£ t. d. 

Balance from last Account 41 11 8 

Contribution of Fellows 238 18 6 

Sale of £951 5s. 8d. 2f per cent. Consols 907 17 6 

Interest reoeiyed on Inyestments 42 12 10 



January lith, 1892. 



£1231 6 

J. 8. HARDING, Jdnr.. ) , ,.^ 
H. SOWBRBY WALLIS, f '^"«'^'*«- 

WILLIAM MARRIOTT, Auutant Secretary, 
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APPENDIX III. 



Subscriptions promised towards the New Premises Fund. 

DECEiMBER 31st, 1891. (SECOND LIST). 



Amount already promised 

Mr. P. Bicknell 

Mr. R. W. P. Birch, M.Inst.C.E. ... 

Dr. C. H. Blackley 

Col. C. K. Brooke 

Mr. G. Chatterton, M.A., M.Inst.C.E. 
Mr. S. Dixon 

Miss E. A. Dymond 

Mr. H. S. Eaton, M.A 

Right Hon. Lord Ebury (2nd donation) 

Mr. R. Foster 

Mr. R. Inwards, F.R.A.S 

Mr. R. J. Lecky, F.R.A.S 

Mr. R. C. Mossman 

Hon. F. A. R. Russell, M.A 

Mr. J. Stokes ... 



... 
• • . 
... 
... 







£ 


». 


d. 






1,110 


18 









5 


5 









5 












2 


2 









1 


1 









5 


5 









2 


2 









2 


2 









10 












.3 


3 









2 


2 









5 












2 












1 


2 


6 






10 












1 


1 







£1,168 


3 


G 



APPENDIX ir. 
OBITUARY NOTICES. 

Capt. William Chimmo was bom in the year 1828, and entered the Royal 
Navy in 1841, when only thirteen years old. He obtained the rank of lieu- 
tenant in 1850, and of commander in 1864. He served in the first and 
second China wars, against pirates in Borneo, and for six-and-a-half years 
was engaged in the Herald in the search for Sir John Franklin. Afterwards, 
as lieutenant of the Jutio he led the successful search for the lost expedition 
of Mr. Gregory and his party in Torres Straits, and assisted in the magnetic 
observations daring the voyage of the Royal Charter to Anstralia. In com- 
mand of the Sea Gull he was engaged in the survey of the west coast of 
Scotland, and as commander of the Gannet in the survey of Trinidad and 
the exploration of Labrador. He also explored the Sulu Islands, where 
he had three officers and two men wounded in the attack upon a nest of 
pirates, of whom 190 were killed. 

From 1856 to 1858 Captain Chimmo was secretary to the Hydrographer 
of the Admiralty. The greater portion of his life was devoted to the Hydro- 
graphic Survey, and he wrote several papers on the result of the deep-sea 
soundings in the Atlantic, on which he was employed. 

After his retirement from the Navy, with the rank of post-captain, in 
1878, ho settled at Weymouth, where he died, October 80th, 1891, at the 
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ago of sixty -four. He was a Follow of tho Liuncan, lloyal Geographical, 
and Hoyal Astronomical Societies. 

He was elected a Fellow of this Society on January 16th, 18G1. 

Pbof. William Febrel was bom in Bedford County, Pennsylvania, U.S., 
on January 29th, 1817. During his boyhood ho was kept rather closely at 
work on his father's farm, and with the first money he earned he bought a 
copy of Park's Arithmetic. Having also a Hking for astronomical studies, 
he used to draw a number of diagrams upon the doors of his father's farm, 
describing circles with the prongs of a pitchfork. In 1889, he entered one 
of the Colleges in Pennsylvania, and graduated at Bethany College in 18-^4. 

In 1857 ho became an assistant in the office of the American Epliemeris 
and Nautical Almanac, and subsequently entered the U.S. Coast Survey and 
the Signal Office, from which last he retired in 1886. He was elected a 
member of the National Academy of Sciences in 1868. 

Ferrel is described as an extremely diffident man, and he never once sought 
appointment ; every official position he occupied having been offered to him. 
His first paper bearing directly on meteorology was published in 1 856, with 
reference to the deflective effects of the earth's rotation upon the motions of 
the atmosphere ; and this paper, which has done much towards establishing 
meteorology on a scientific basis, was subsequently revised and reprinted as 
one of the Professional Papers of the Signal Service, under the title Motions 
of Fluids and Solids on the Earth's Surface, In this treatise he proposed a 
complete analytical investigation of the general motions of the fluids sur- 
rounding the earth. These papers received considerable attention and 
discussion soon after publication, especially in France ; in America and 
England they were overlooked until recent years, but they are now recognised 
as fundamental propositions in the study of meteorology. He also wrote 
various articles on the tides, which are of equal importance with those on 
the motions of the atmosphere, and he constructed a ** maxima and minima 
tide- predicting machine," which is now in use at the Coast Survey Office in 
Washington. The last of his numerous works upon meteorology was a 
Popular Treatise on the Winds, published in 1889. In this work he has 
explained at length, and with great clearness, many points which in his other 
writings have been too mathematical to allow of their being generally under- 
stood. 

He died at Maywood, Kansas, on September 18th, 1891. 

He was elected an Honorary Member of this Society on December 20lh, 
1882. 

John Mkrrifield, LL.D., Ph.D., was born August 24th, 1884, at Peter 
Tavy, on the borders of Dartmoor. He received his early education at tho 
Tavistock National School, and after passing two years at the Exeter 
Training College, was appointed elementary schoolmaster at Mary Tavy. 
His spare time was devoted to surveying and chemistry, and he was much 
sought after as an analyst. His natural love for mathematics, howeveri led 
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him in 1862 to leave Mary Tavy for Plymouth, to become the fonnder and 
head master of the Plymouth Navigation School, thenceforward occupying 
himself with astronomy, meteorology and kindred subjects. 

In 1860 he published, in conjunction with Mr. Evers, a Treatise on 
Navigation and Nautical Astronomy. In 1876 he published a work on 
Magnetism and the Deviation of the Compass y and in 1887 a Treatise on 
Nautical Astronomy, in which he introduced his own method of clearing the 
lunar distances. In 1888 he received the Bronze Medal of the Falmouth 
Polytechnic Exhibition for an artificial horizon for sea use. 

Dr. Merrifield's interest in education was shown by the science classes 
conducted by him, in most cases for the love of teaching, in which 
students were instructed in the elements of mathematics. He made and 
tabulated regular meteorological observations for nearly twenty- seven years. 
At the time of his death he was engaged in preparing for publication a 
work on Climate and Health, 

Dr. Merrifield died June 27th, 1891, having been in failing health for 
nearly two years. 

He was elected a Fellow of this Society on November 20th, 1872. 

Geoboe Wabeing Oemebod was bom October 12th, 1810, and was the 
second son of George Ormerod, F.R.S., the well known historian of 
Cheshire. After leaving Dr. Bnmey's school at Greenwich and a private 
tutor*s he entered Brazenose College, Oxford. He afterwards settled as a 
solicitor at Manchester, where as agent for his father*s property at Tyldes- 
ley and to the Astley estate, he (with his brother, Henry M. Ormerod, who 
had joined him) had much to do with the drainage of Chat Moss, and took 
a prominent part in all scientific and charitable Institutions, and especially 
in the inquiry respecting the disaster at Holmfirth. 

Immediately after taking his degree he became a Fellow of the Geological 
Society, and he contributed many papers to that Society and to the British 
Association, whose meetings ho constantly attended for many years, being 
acquainted with the leading geologists of his time. 

Mr. Ormerod was specially consulted on the salt fields of Cheshire both 
by the Committee of the House of Commons many years ago and in these 
last few years about the sinking of the ground in the neighbourhood of 
Northwich. About 1856 he moved from Manchester to Chagford on Dart- 
moor, and after some years to the milder climate of Teignmouth. 

He was always a popular man amongst his neighbours, and occupied 
himself with scientific, antiquarian and local pursuits, frequently writing 
pamphlets or longer papers, including the classified Index to the Quarterly 
Journal of the Geological Society, 

He died at Teignmouth from a sudden chill affecting the heart, January 
Gth, 1891, aged 80. 

He was elected a Fellow of this Society on November 18th, 1874. 

The Eabl of Powis was the son of the second Earl of Powis (of the Clive 
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family) bj the third daughter of the third Duke of Montrose. He was born 
at Pershore, Worcestershire, in 1818, and was educated at Eton, and at St. 
John's College, Cambridge. The University conferred the honorary degree of 
LL.D. upon him in 1842 and elected him High Steward in 1868. Lord 
Powis succeeded to the title on the death of his father in 1848. He was a 
Deputy Lieutenant and county Alderman for Salop, and Lord Lieutenant 
of Montgomeryshire; he was also Lieutenant-Colonel Commandant of the 
South Salop Yeomanry Cavalry. As Ylseount Clive he represented the 
northern division of Shropshire in Parliament from 1848 to 1848. 
He was elected a Fellow of this Society on April 16th, 1879. 

Hbbbebt Coufland Taylor, of Todmorden Hall, Lancashire, M.D. Edin- 
burgh, and J.P. for Lancashire and Yorkshire, who died at Torquay, Sep- 
tember 14th, 1891, was the son of Dr. James Taylor, of Todmorden Hall, 
and Colverlands, Berks, one of the well-known Whitworth doctors who 
attained great fame in the north of England during the latter part of the 
18th century and the first half of this century. 

Dr. Taylor was bom at Colverlands in August 1855. He was educated 
chiefly at Cheltenham College, whence he proceeded to King's College, 
London, and subsequently to the University of Edinburgh. He took the 
degrees of M.B. and CM. at King's and the M.D. of Edinburgh (with com- 
mendation). 

From an early age he had shown great interest in the study of meteoro- 
logy, his attention having been probably attracted to the subject by the 
carefol records which were kept at Culverlands through many years for the 
use of his uncle, the well-known astronomer, Mr. Dawes. 

He very quickly saw the importance of meteorological work in his profession, 
and the subject of his thesis for the degree of M.D. was '* The Ocean as a 
Health Besort in Phthisis," which in an enlarged and amended form appears in 
his book published in 1890, and entitled Wanderings in Starch of Healthy or 
Medical and Meteorological Notes on varUnis Health Resorts. 

He contributed papers from time to time to the British Medical Journal, but 
the above-mentioned book, which is a most useful and practical work, founded 
on actual experience of the various health resorts now chiefly in vogue and 
described therein, was his chief contribution to the combined sciences of 
Medicine and Meteorology. 

During his residence at Todmorden he was the Meteorological Begistrar 
for that district, and took regular observations until ill-health forced him to 
live abroad. His interest in Meteorology continued unabated to the last. 

The last three years of his life were spent in Madeira, where he made 
careful and systematic observations, the results of which he pubh'shed in his 
" Wanderings." 

In June 1891 he contributed a paper to this Society on the ** Leste«" or 
** Hot Wind of Madeira;" but he did not live to see it printed in the 
Qtiarterly Journal, as he passed away at Torquay a few months afterwards. 

He was elected a Fellow of this Society on February 17th, 1886. 
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Nicholas Whitley was born at Trcgony, on March lOth, 1810, and was 
the eldest son of Mr. Daniel Whitley. 

In 1830 he removed to Truro, whore ho practised as a civil engineer, 
and agent, and surveyor for many years, and in these capacities was well 
known throughout the west of England. 

In 1846 he was appointed surveyor to the Cornwall Railway, and pur- 
chased the whole of the land required for the construction of the main lino, 
as well as that for the St. Ives branch. 

Ho was land agent to Sir William Williams, Bart., for his North Devon 
Estates, and constructed for him the Heanton Embankments, which enclosed 
a large quantity of rich marsh lands in the estuary of the river Taw. He 
was .also land agent for the Hope estates in Cornwall, and land agent and 
surveyor for the Gilbert estates in Cornwall and Sussex. In the latter 
capacity he designed and laid out for building purposes a large portion of 
the town of Eastbourne, and also constructed the necessary roads and 
sewers. 

He was employed by Lord Clinton with regard to Trefusis and other pro- 
perty ; Kimberley Pari, at Falmouth, was laid out from Mr. Whitley's de- 
signs, as also were Arwenack Manor at Falmouth, and Alverton at Penzance. 
As engineer, he carried out the improvement of the river Camel from Wade- 
bridge to Padstow, and other works in the west of England. 

In all matters of business Mr. Whitley was trusted alike for his soundness 
of judgment, and his strict integrity. 

In scientific matters, more particularly geology and meteorology, Mr. 
Whitley took a deep interest, and by his death the Royal Institution of 
Cornwall has lost a most useful and value<l member, who for more than half 
a century contributed papers to its Transactions. He was elected a Secre- 
tary in 1869, and served the Institution in that capacity for twenty years ; 
and, after his resignation, he was elected a Vice-President, Mr. Whitley 
was Honorary Member of the Geological Society of Cornwall and of the 
Edinburgh Geological Society. 

In 1848 he published a work on the Application of Geology to AgriciiUnrf, 
and in 1850 his paper on the Climate of the British Islands and ita efftcts 
on Cultivation t won the prize of £50 oflfcred by the Royal Agricultural So- 
ciety of England. The pages of the Bath and West of England AgncuUural 
Journal contain several papers from his pen, amongst them, ** On the Tem- 
perature of the Sea and its Influence on the Climate and the Agriculture of 
the British Islands," and another on the ** Development of the Agricultural 
Resources of Cornwall." 

In his later years Mr. Whitley turned his attention to the Antiquity of 
Man and the Palasolithic Age, and wrote several papers on this subject, in 
which he criticised modern views with much independence of thought and 
vigour of language. 

He died suddenly at his residence, Penarth, Truro, on his eighty-first 
birthday, March 10th, 1891. 

He was elected a Fellow of this Society on March IDIL, 1862. 
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RoBEBT Stodabt Wyld, Jud., was born on March 12th, 1855, at Queens- 
ferry. His father had been trained as a Writer to the Signet ; but giving up 
the practice of the law, had settled at Queensferry, of which for many years 
he was the much respected Provost. Robert Wyld received his education at 
the Academy and University of Edinburgh. Having made choice of engi- 
neering as his profession, he served a pupilage of five years, from 1872 to 
1877, under Messrs. J. and A. Leslie, whose extensive practice gave him an 
early experience in many kinds of engineering operations. On the completion 
of his articles he was appointed by Messrs. Leslie as Resident Engineer at 
the waterworks then being constructed for supplying the town and district of 
New Cumnock. After some months he was transferred to Midlothian, and 
placed in charge of a section, 18 miles long, of the pipe-line conveying a 
new water-supply to the City of Edinburgh from the Moorfoot Hills, with all 
the reservoirs, bridges, and other works connected with it. 

At the beginning of 1879 he was appointed Resident Engineer on the 
Scarborough Harbour Improvement Works, which consisted of the deepen- 
ing of two harbours, widening and extending a pier, underbuilding old quay- 
walls, and other operations. This undertaking occupied him for two years, 
and in January, 1881, he returned to Scotland to superintend for Messrs. 
Leslie the construction of the Acrcknowe Reservoir on the Hawick Water- 
works. A few months later, namely, in October, 1881, he was selected to 
take charge of an important section of the Vymwy Waterworks of the Liver- 
pool Corporation. The portion of this great engineering undertaking more 
especially under his supervision consisted of 85 miles of the main aqueduct, 
including all the special works connected therewith. From the nature of the 
ground these were of a multifarious kind, and calculated to fully tax the re- 
sources of an engineer. They included reservoirs and tanks, with earthen 
embankments as well as with concrete and brickwork walls, filters, clear- 
water tank, valve-houses, cottages, new roads, bridges, culverts, crossings 
over rivers, canals, and railways, and also three tunnels, having an aggregate 
length of about 4 miles. The cost of that portion of the great work with 
which he was connected exceeded jC800,000. On the eve of its completion 
he was struck down by illness. A chill caught in March developed into 
rheumatic fever, which closed his career, on the 17th of April, 1891. 

Mr. Wyld was remarkable for a singular gentleness and modesty, combined 
with a straightforward frankness, which gained him the respect and goodwill 
of all who came into close personal contact with him. His energy and en- 
thusiasm in the discharge of his duties were unflagging. His professional 
skill and fertility of resource marked him out as one who, had he lived, 
would doubtless have gained a high place among the hydraulic-engineers of 
this country. 

Mr. Wyld was a Member of the Institution of Civil Engineers and a 
Follow of the Geological Society. 

He was elected a Fellow of this Society on November 19th, 1890. 
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APPKSDIX V. 
BOOKS PURCHASED DURING THE YEAR 1891. 

Andrews, W. — Famous frosts and frost fairs in Great Britain. 4". (1887.) 

Cnuiicii, H. — Miscellanea Pliilo-Theologica, or God, and Man. 4'. (1637.) 

Goad, J. — Astro-Meteorologica. F'. (1G86.) 

HoUGii, J. — Letters on the climate, inhabitants, productions, &c. &c. of the 
Neilgherries, South India. 8^ . (1829.) 

HuMBpLDT, A. DE. — Fragmens de geologic et de cliraatologie Asiatiques. 
Two vols. 8°. (1831.) 

UASTRONOMIE.— Vol. X. 1891. 8^ 

Mead, R. — A treatise concerning the influence of the sun and moon upon 
human bodies, and diseases thereby produced. Translated from the Latin by 
Thomas Stack. 8^. (1748.) 

Merle, W. — Consideracioues temperiei pro 7 annis. The earliest known 
journal of the weather ; kept by Rev. W. Merle, Rectur of Driby, Lincolnshire, 
1337-1344. Reproduced and translated under the supervision of G. J. Symons, 
F.R.S. F^. (1891.) 

Mirabilis Annus.— 4^ (1G61.) 

Secundus. 4°. (16G2.) 

Paris, Comite MExiiOROLOGiQUE International — Tables m^teorologiques 
Internationales. 4°. (1890.) 

Sargeaunt, R. a.— Notes on the climate of the earth past and present. 8^ 
(1875.) 

SwANAGE (Isle of Purbeck). — Its history, resources as an iuvigorating 
health resort, &c. Third edition. 8°. (1891.) 
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DONATIONS RECEIVED DURING THE YEAR 1891. 

Presented hij Societies, Institutions, &c. 

Ai>ELATDE, GovERJWiENT QnsERVATORY. — MeteoroIogical Observations, 1883 A 1888. 

Allahabad, Meteorological Office.— Annual statement of rainfall in the North- 
Western Provinces and Oudh, 1890.— Brief sketch of the Meteorology of the North- 
Western Provinces and Oudh and adjacent parts of Rajputana and the Pan jab for the 
year 1890. 

Batavia, Maoketical and Meteorological Observatory. — Observations, Vol. XII. 
1889.— Rainfall in the East Indian Archipelago, 1889. 

Batonne, Societk de Climatologie Pykkkkenne.— Bulletin, 3me Annee, No. 10 to 
4me Annee, No. 1. 

Berlin, Deutsche METEOROLOGi.scnE Gcsellschaft.— Berliner Zweigverein, 1891. 
— Meteorolosisches Zeitschrift, ISOl. 

Beulin, Gesellsch.vft fur Erdkunde. — VorhandliingcD, Band XVII. No. 10 to 
Baud XVIII. No. 8.— Zeitschrift, Band XXV. No. G to Band XXVI. No. 5. 

Berlin, KOn. Preussiscues Mutkorologiscues Institut.— Abhandlungen.Band I. 
Nos. 1-3.— Das koniglich preussischc meteorologische Instilut in Berlin unJ dessen 
Obscrvatorium bei Potsdam. Aus amtlichein Anlass herausgegeben von W. von 
Bezold.— Ergebnisse der meteorologischen Bcobachtungen, 1888 ; 1890, Heft 2 ; 1891, 
Heft 1. 

Bombay, Government Observatory. — Magnctic^il and meteorological observ.ations, 
lS«8-9. 

Bombay, Meteorological Office. — Brief sketch of meteorology of the Bombay Presi- 
dency in 1890-91. 

Brisbane, Cuief Weather Bureau. — I'risbano Observatory : Meteorological Synop- 
sis, Jan. 18i)0 to Sept. 1891.— Daily Weather Charts of Australasia, Jan. to March, 
ISUl (incomplete). — Summaries of Rainfall, Jan. 1890 to June, 1891. —The Queensland 
Meteorological Record, Oct. to Dec. 1889. 

Brisbane, Geneilvl Register Office. — Annual Report of the Registrar General for 
Queensland, 1890.— Report on the vital statistics, Oct. 1890 to Sept. 1891. 
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Brussels, Acadkmie RoYALK.—Annuaire 1890-91.— Bulletins, Bme S6r:e, Ttmc 
XVin.-XXI. 1889-91. 

Brussels, Institut National de Geooraphie.— Bulletin M6tC'orologiqae, Dae. 18C0 
to Nov. 1891. 

Brussels, Observatoire Botal. — Annualre, 1891. 

Budapest, K. Uno. Central-Anstalt fur Meteorolooie.— Jahrbuch, 1888. 

BuKHABEST, Institut MiiT^ioROLOGiQUE DE RouMANiE. — Anuales, Tomo IV. 1888. 

Cairo, Societe Eh^diviale de Geooraphie. — Balleiin Ille S6rie, Num6ro 5 and 6. 

Calcutta, Meteoboloqical Office.— Cyclone Memoirs, Parts III. and IV.— Indian 
Daily Weather Beports, Dec. 8, 1890 to Deo. 6, 1891.— Indian Meteorological Memoirs, 
VoL rv. part 7.— Memorandum on the Snowfall in the mountain districts bordering 
Northern India, and the abnormal features of the weather in India during the past five 
months (Jan. to May), with a forecast of the probable character of the South-west 
monsoon rains of 1891.— Monthly Weather Beview, Jan. to April, 1891. — Begisters of 
original observations in 1891, reduced and corrected, Jan. to April. — Beport on the 
Administration of the Meteorological Department of the Government of India, 1889-90 
and 1890-91.— Beport on the Meteorology of India in 1889. 

Cajibridge, Astronomical Observatory of Harvard College. — Meteorological 
Observations made during the years 1840-88, inclusive. — Meteorological Observations 
made on the summit of Pike's Peak, Colorado, Jan. 1874 to June 1888.— Observations 
made at the Blue Hill Meteorological Observatory, Mass. U.S.A., 1889 and 1890.— Ob- 
servations of the New England Meteorological Society, 1888. 

Cambridge New England Meteorological Societt. — ^An investigation of the Sea- 
breeze, by W. M.* Davis.— Bulletin, Dec. 1890 to Nov. 1891, and Appendix for 1889.— 
Proceedings at seventh annual meeting, Oct. 21st, 1890. — Proceedings at the twenty- 
first regular meeting, held at Newburyport, Mass., April 18th, 1891. 

Cape Town, Meteobologioal Commission. — Beport, 1890. 

Chemnitz, Eonigl. sachsische meteorolooische Institut.— Jahrbuoh, 1889} and 
1890, part 1. 

Chbistiania, Editing Committee, Norwegian North- Atlantic Expedition. — Zoo- 
lo^. Pycnogonidea. By G. O. Sars. 

Chbistiania, Nobske Meteorologiske Institut. — Jahrbuch, 1889. — Oversigt over 
Luftens Temperatur og Nedboren i Norge, 1888-9. 

Copenhagen, Danis& Government. — Denmark, its medical organisation, hygiene and 
demography. 

Copenhagen, Danske Meteorologiske Ik stitut.— Bulletin M6teorologiqueduNord, 
Dec. 1890 to Nov. 1891. 

CoBDOBA, Oficina Meteorolooica ARGENTINA. — Aualcs, Tomo VIII. 

Costa Bica, Instituto Fisico Geogbaphico Nacional. — Anales, 1889, Tome II. 
Part 2. 

Cracow, K. K. Sternwarte. — Meteorologische Beobacbtungen, Sept. 1890 to Aug, 
1891. 

Croydon, Microscopical and Natubai. History Cluu. — Daily Rainfall in the Croydon 
Distiict, Dec. 1890 to Nov. 1891.— Report of the Meteorological Sub-Committee for 
1890. 

DORPAT, K. LIVLANDI8CHE OEMEINNUTZIGE UND OKONOMISCBE SOZIETAT. — Bcricht ubor 

die Ergcbnisse der Beobacbtungen an den Regenstationen fur das Jahr 1888. 

DoBPAT, Obsebvatorixjm. — Meteorologische Beobacbtungen, 1884-5. 

Dublin, General Register Office. — Weekly Returns of Births and Deaths, 1891. 

Dublin, Royal Dublin Society. — Scientific Proceedings, Vol. VI. part 10, and Vol. 
VII. parts 1 and 2. — Scientific Transactions, Vol. IV. parts 6 to 8. 

Dublin, Royal Irish Academy. — Proceedings. Third Series. Vol. I. No. 4, to Vol. 
II. No. 1. — Transactions. Vol. XXIX. parts J4 and 15. 

DUMFBIF.S, DUMTRIESSniBE AND GaLLOWAY NaTURAL HiSTOIIY AND AnTIQUABIAN SO- 
CIETY. — The Transactions and Journal of Proceedings, No. 6, 1887-90. 

Edinbubgh, Fishery Board for Scotland. — Annual Report, 1890. 

Edinburgh, General Beoister Office.— Quarterly Returns of the Births, Marriages 
and Deaths, registered in Scotland, for the four quarters ending Sept. 30th, 1891. 

Edinburgh, Royal Observatory. — Catalogue of the Crawford Library. — The Solar 
Spectrum at medium and low altitudes. By Dr. L. Becker. 

Edinburgh, Royal Scottish Geoorai^hical Society.— Scottish Geographical Maga- 
zine, 1891. 

Edinburgh, Royal Society.— Proceedings. Vol. XVII. 1889-90. 

Edinburgh, Scottish Meteorological Society. — Journal. Third Series, No. VII. — 
Meteorology of Ben Nevis. By A. Buchan, LL.D. 

FALMorrn, Boyal Cornwall Polytechnic Society. — Annual Report, 1890. 

Ficme, I. R. AccADEMLA Di Marina.— Mctcorological Observations, Aug. 1890 to July 

18111. 

GiNXYA, SoctETE DE GioaBAFBiE.— Lo Globe, 56 Serie, Tome II. BoUetin, NO0. 1 
and 2, and Mdmoires. 
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Greenwich, Royal Observatouy. — Keport of the Astronomer Royal to the Board of 
Visitors, June 6th, 1891. — Results of the Maguotical and Meteorological Observations, 
1888. 

Halle, K. Leopold-Carolin Deutsche Akademie deb Naturforscher. — ^Leopoldina, 
1890. 

Hamburg, Deutsche Seewarte. — Aus dem Archiv, 1890.— Ergebnisse der mfeteoro- 
logischen Beobachtungen an Stationen in Deutschland, 1889.— Katalog der Bibliothek. 
— Monatsbericht, June 1890 to April 1891.— Wetterbericht, 1891. 

HoBART, Observatory. — Montbdy record of results of meteorological observations at 
Hobart and various localities in Tasmania, Jan. to Sept. 1891. — Tasmania Rainfall, 
1890, and previous years. 

HoNo-KoNG, Observatory.— Observations, 1889 and 1890. — Report of the Director, 
1890. 

Irkutsk, Meteorologisches und magnetiscues Observatorium. — BeobachtongeD, 
1889. 

Karlsruhe, Centralbureau fur Metborolooie und Uydrographie im Grossherzoo- 
THUM Baden. — Die Ergebnisse der mcteorologischen Beobachtungen in Jahre 1890. 

Eew, Observatory. — Magnetical and Meteorological Observations, 1890. — Report of 
the Kew Committee for the year ending Oct. 31st, 1890. 

Lisbon, Sociedad de Geographia. — Boletin, 9a Serie, Nos. 7 to 12. 

London, BBirisn Association. — Report, 1890. 

London, Colonial Office. — Meteorological Report, Straits Settlements, 1890. — Ob- 
servations made at the Hong-Kong Observatory, 1889 and 1890. 

London, General Register Office. — Annual Summary of Births, Deaths and 
Causes of Death in London and other great towns, 1890. — Quarterly Returns of Mar- 
riages, Births and Deaths for the four quarters ending Sept. 30th, 1891. — Weekly 
Returns of Births and Deaths, 1891. 

LoHDON, Geological Society. — Quarterly Journal, Nos. 185 to 188. 

London, India Office. — Account of the Operations of the Great Trigonometrical 
Survey of India, Vols. XI. to XUI. 

London, Institution of Civil Engineers. — On the subterranean water in the Chalk 
formation of the Upper Thames, and its relation to the supply of London. By J. T. 
Harrison. 

London, Institution of Electrical Engineers and Electricians. — Journal, Nos. 90 
to 94. 

London, Junior Engineering Society. — Address delivered by the President, Prof. 
S. P. Thompson, on •' Electro-Magnetic Mechanisms," Nov. 2lst, 1890. 

London, Meteorological Office. — Cyclone Tracks in the South Indian Ocean. — 
Daily Weather Charts to illustrate the tracks of two Cyclones in the Arabian Sea. — 
Daily Weather Reports, 1891. — Hourly means of the readings obtained Irom the self- 
recording instruments at the four Observatories under the Meteorological Council, 
1887. — Meteorological Charts of the portion of the Indian Ocean adjacent to Capo 
Guardafui and Ras Hafdn.— Meteorological Observations at Stations of the Second 
Order, 1887.— Monthly Weather Reports, May to Dec. 1887.— Quarterly Weather Re- 
ports, 1880, Pts. 8 and 4.— Report of the Meteorological Council to the Royal Society 
for the year ending March 31st, 1890.— Weekly Weather Report, 1891.— Annuarioastro- 
meteorologico con effemeridi nautiche, 1891. — Bulletin de met^orologie dynamique, 
Nos. 2 and 3. Par H. Tarry.— Bulletin quotidien de I'Algfirie, Dec. 1st, 1890 to Sept. 
30th, 1891. — General Subject Indexes to the Monthly Weather Reviews and Annual 
Reports of the Chief Signal Officer of the U.S. Army to 1887. — Meteorological Returns 
for Trinidad, 1886 ; May, June and Dec. 1887 ; May and Nov. 1889 ; Jan. Feb. April and 
June to October, 1890, and Jan. Feb. and May, 1891. — Monatsberichte iiber die regel- 
miissigen Beobachtungen am agrarmeteorologischen Observatorium zu Alt-Erasno, 
Jan. to April, and June to Doc. 1887. — Observaciones Meteorologicas efectuadas en 
Vilafranca del Panades, 1890. — Observations des pluies do sable. Par H. Tarry. —On 
a simple pocket dust-counter. By J. Aitken. — Rainfall in South Australia and the 
Northern Territory during 1890. — Report on the meteorology of Ceylon, 1690. — Revue 
Metcorologique. Travaux du rcseau mC'tcorologique du sud-ouest de la Bussie Tannee 
1890. — Routen voor Stoomschcpen tusschen Aden en Nederlandsch Oost-Indie. — Some 
meteorological conditions of Davos. By A. W. Waters. — Summaries of International 
Meteorological Observations, July to Dec. 1888. — The remarkable sunsets. By. J. 
Aitken. — Thermometer Screens. By J. Aitken. — The Signal Service Bibliography of 
Meteorology. — Transactions of the Bombay Geographical Society. Vols. XIII. and 
XV. I806-6O. — Wetterbericht des Konigl. sachsischen moteorologischen Instituts in 
Chemnitz, 1885-6. 

London, Physical Society.— Proceedings. Vol. XI. Pt. 1. 

London, Royal Agricultural Society. — Journal, Third Series, Vol. 1, Pt. 4 to Vol. 
H. Pt. 3. 

London, Royal Astronomical SoaETY.— Monthly Notices, Vol. LI. No. 2 to Vol. LII, 
No. 1. 
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London, Botal Botanic Society. — Qnarterly Record, Nob. 43 to 47. 

London, Royal Institution of Great Bbitain. — Proceedings, No. 84. 

London, Royal Society. — Proceedings, Nos. 295 to 302. — Bibliography of New 
Guinea, by E. C. Rye. — Climate of Eastern Asia. By H. Fritsche. — Dcs phenom^nes 
p^riodiqnes en g6n6ral. Par A. Quetelet. — Die koniglichen Observatorien fiir Astro- 
physii, Meteorologie nnd Geodasie bei Potsdam. — Earthquake of Dec. 31, 1581, in 
India. — Einige Bemerkungen iiber die kalte Zone. Von H. W. Dove. — Further in- 
quiries on oceanic circulation. By W. B. Carpenter. — Intorno alia elettricita indotta o 
d* influenza negli strati aerei dell' atmosf era, che a forma di anello circondano una nube 
risolventesi in pioggia, neve o grandine. Del. F. Zantcdeschi. — Le limnograpbe de 
Secheron (prSs Gan^ve). Par P. Plantamour. — Mouvements p6riodiquc8 du sol accuses 
par de niveaux ^bulle d'air. Ann6es 1-9 et 11-12. Par P. Plantamour. — Notes on the 
physical geography, climate, and capabilities of Somerset, and Cape York Peninsula. 
By A. Rattray.— Note sur les variations p^riodiqnes de la temperature et de la pression 
atmosph6rique au Grand St. Bernard. Par E. Plantamour.— On ocean currents. By 
J. Croll. — On rainfall, evaporation and percolation. By J. H. Gilbert.— On the direc- 
tion of the wind at Manchester, 1849-61, at 8 a.m. By G. V. Vernon. — On the Rain- 
fall at Oldham during 1836-1862. By J. Heap. With remarks by G. V. Vernon.— On 
the relation of moisture in air to health and comfort. By R. Briggg. — Remarks upon 
the amount of light experienced in high Northern latitudes during the absence of the 
sun. By S. Osbom. — Report on the effects of the great terrestrial disturbances in the 
Straits of Sunda (Java) 27th August, 1883, as recorded on the self -registering tide 
gauges of the Survey of India. By A. W. Baird. — B^sum^ mCte'orologique de Tann^e 
1866 pour Geneve et le Grand St. Bernard. Par E. Plantamour.— Sur quelques ph6- 
nom^nes m^t^orologiques observ69 sur le littoral de la Flandre occidentale. Par T. L. 
Phipson. — The temperature of the British Islands. By A. Buchan. — Ueber das Wetter- 
leuchten. Von P. A. Reslhuber. — Ueber die meteorologischen Untersohiede der Nord- 
luLlfte und SucQiiilfte der Erde. Von H. W. Dove. — Ueber die mittlere und absolute 
Veranderlichkeit der Temperature der Atmosphare. Von H. W. Dove.— Ueber die 
Witterung des Jahres 1876. Von H. W. Dove.— Ueber die Zuriickfuhrung der Jahr- 
lichen Temperaturcurve auf die ihr zum Grande liegenden Bedingungen. Von H. W. 
Dove.— Untersuchungen iiber das atmospharische Ozon. Von P. A. Reslhuber. — 
Variations annuelles et horaires des instruments mctcorologiques d Bruxelles. Par A. 
Quetelet. — Witterungsiibersicht des Jahres 1883. Von A. Riggenbach. 

London, Sanitary Institute. — Transactions. Vol XI. 

London, Society op Arts. — Journal, 1891. 

Madrid, Observatorio. — Resumen de las observaciones meteorologicas efectuadas en 
la Peninsula, 1887-8. 

Madrid, Sociedad Geoorafica. — Boletin, Tomo XXIX. No. 5 to Tomo XXXI. No. 3. 

Maodeburg, Wetterwarte der Maodeburoischen Zeituno. — Jahrbuch, 1890. 

Manchester, Literary and Philosophical Society.— Memoirs and Proceedings, 
Fourth Series, Vol. IV. Nos. 1-5. 

Manchester, M. S. & L. R. Co.— Monthly statement of Rainfall in 1890. 

Manila, Observatorio Meteorolooico.— Observaciones verificadas, Apr. 1890 to 
Feb. 1891. 

Marlborough College Natxjral History Society.— Report, 1890. 

Marseille, Commission de Meteorologie du Department des Bouches-du-Rhone. — 
Bulletin Annuel, 1889 and 1890. 

Mauritius, Royal Alfred Observatory.— Annual Report of the Director, 1888 and 
1889. — Mauritius Meteorological Results, 1889. 

Melbourne, Government Observatory.— Monthly Record of results of observations 
in Meteorology, Terrestrial Magnetism, &c., July 1890 to June 1891. 

Mexico, Observatorio Astronomico Nacional de Tacubaya. — Annuario, 1891 and 
1892. 

Mexico, Observatorio Meteorolooico Maonetico Central. — Boletin Mensual, Tomo 
in., Nos. 1 and 2. — Tablas Psycrometricas calculadas para la Altura de M6xico. 

Mexico, Socied.id Cientifica " Antonio Alzate." — Memorias, Tomo IV. Nos. 3 
to 12. 

Michigan, State Board of Health. — Annual Report for the year ending June 30, 1889. 
— Proceedings and Addresses at a Sanitary Convention held at Battle Creek, Michigan, 
June 25 and 26, 1890.— The causation of bifluonza. By Dr. H. B. Baker. 

Milan, R. Ossbrvatorio Astronomico di Breba. — Osservazioni Meteorologiche, 
1890. 

Montevideo, Observatorio Meteorol6gico del Colegio Pio de Villa Colon.— 
Boletin mensual, Oct. to Dec. 1890, and Feb. Mar. and May, 1891. 

Momtsouris, L*Ob8Ervatoire Municipal. — Annuaire, 1891. 

Moscow, Observatoire Met&orologique de l'Acad&mie Petbovsey.— Observations 
actinom6triques par R. CoUey, N. Michkine, et M. Eazine. 

Moscow, SocietI: Impbriale des Naturalistes.— Bulletin No. 3, 1890 to No. 1, 1891. 
•^Metwrologische Beobachtongen, 1890. 
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Munich, K. B. Mbteobologische CfiNXBAL- Station. — Beobachtangen der meteorolo- 
^schen Stationen im Eon. Bayem, JahrgaDg XII. Heft 3, to Jahrgang XIII. Heft 2.— 
Uebersicht iiber die Witterungsverhaltnisse im Eon. Bayern, Nov. 1890 to Jan. and 
March to Oct. 1891. 

Munich, E. Stebnt^vabte. — Meteorologische Beobachtungen, 1890. 

Neuchatel, Soci^te Neuchat£loise de Geographie. — Bulletin, Tome VI. 1891. 

Newhayen, Connecticut Academy of Arts and Sciences. — Transactions, Vol. Vni. 
Pt. 1. 

Newhaven, Obsebvatobt of Yale University.— Report, 1890-1. 

New Yobk, Academy of Sciences. — Transactions, ^ol. IX. Nob. 3 to 8, Vol. X. Nos. 
4 to 6. 

New York, Central Park Observatory. — Abstracts of registers from self-recording 
instruments, Dec. 1890 to Oct. 1891. 

Ottawa, Geological and Natural History Survey. — ^Annual Report, 1888-9. 

Paris, Bureau Central Meteoroloqique. — Annales, 1888 and 1889. — Bulletin Inter- 
national, 1891. 

Paris, Socii:T& MiiTiioROLOGiQUE de France. — Annnaiie, Oct. 1890 to Sept. 189 J. 

Philadelphia, American PniLosormcAL Society.— Proceedings, Nos. 134 and 135. 

PoLA, E. E. HYDROGRAPniacHEB Amt. — Mcteorologischo nnd Magnctische Beobach- 
tungen, Nov. 1890 to Oct. 1891. 

Port-au-Prince, Obseuvatoiue Mktkorologique. — Taglicbe meteorologische Beo- 
bachtungen, 1888-9. 

Port-au-Prince, Station MtTKOROLOGiguE du Petit SEMiNAiBE-CoLLfeOE St.-Mabtial. 
Bulletin, Jan.-Apr. 1891. 

Prague, E. E. Sternwarte. — Magnetisclie und Meteorologische Beobachtungen, 
1890. 

Pubrla, Obsbrvatorio Meteorologico del Collegio del Estado. — Resumen corres- 
pondiente a cada dia, Sept. 1890 to Aug. 1891. 

Rio DE Janeiro, Observatorio. — Ebauche d'une Climatologie du Br6sil. Par H. 
Morize. — Revista do Observatorio, Dec. 1890, and Feb. to Oct. 1891. 

Rochester, U.S. Academy of Sciences. — Proceedings, Vol. I. Pt. 1. 

Rome, Specola Vaticana. — Publicazioni, Fagc. I. 

San Fernando, Instituto y Observatorio de Marina. — Annales, Seccion 2a, Observa- 
ciones Meteorol6gioas, 1890. 

San Paulo, Commissao Geographia e Geologica.— Boletim, No. 6. 

San Salvador, Instituto Nacional. — Observaoioncs Meteorolugicas, March to June 
1890, and Feb. to Aug. 1891. 

Stockholm, Academie Royal des Sciences de Suf'.DE. — Exploration Internationale 
des Regions Polaires, 1882 to 1883. — Observations faitcs au Cap Thordsen, Spitzberg, 
par TExpedition Su6doise, Tome I. 

Stomyhurbt College Obsebvatoby.— Results of meteorological and magnctical ob- 
servations, 1889-90. 

St. Petebsbubg, E. Russische Geographische Gesellschaft. — Beobachtungen der 
russischen Polar-station auf Nowaja Semlja. I. Theil. Magnctische Beobachtungen. 

St. Petebsbubg, Physikalisches Central-Odservatorium.— Annalen, 1889, I*t. 2, 
and 1890, Pt. 1. 

Sydney, Government Observatory. — Meteorological Observations, 1865-77, and 
August 1890 to June 1891.— Weather Charts, Oct. 1890 to June 1891.— Weather 
Maps, July, 1880 to March, 1888. 

Sydney, Royal Society of New South Wales. — Journal and Proceedings, Vol. XXIV. 

Tananarive, Observatoire Royal de Madagascar.— Observations m^t^rologiques, 
1890. 

TiFLis, Physikalisches Obsebvatorium. — Magnetischc Beobachtungen, 1888-9. — 
Meteorologische Beobachtungen, 1889. 

ToKio, Meteorological Central Observatory.— Annual Meteorological Report, 
1888, Pt. 2 ; 1889, and 1890.— Monthly Summaries and Monthly Means, 1889.— Reports 
on Meteorological Observations at 42 stations in Japan, Oct. 1890, and at 8 stations, 
Jan.-Sept. 1890. 

Tonga, Premier's Office.— Meteorological Observations at Nukualofa and Neiafu, 
Apr. to Sept. 1890, and Jan. to Mar. 1891.— Statistics of the Tonga Islands, 1890. 

Toronto, Meteorological Office. — Monthly Weather Review, Sept. 1890 to Aug. 
1891.— Report of the Meteorological Service of the Dominion of Canada, 1887.— 
Toronto General Meteorological liegister, 1890. 

Trieste, Osservatorio Marittimo. — Rapporto Annualc, 1888. 

Turin, Socibta Meteorologica Italiana. — BoUettino Mensuale publicato per cura 
deir Osservatorio Centrale del Real Collegio Carlo Alberto, Vol. X. No. 12 to Vol. XI. 
No. 11. — 11 XXV. Anniversario. 

Upsala, Observatoirk Meteoroloqique de L'lJNiVERSiTfi. — Bulletin Mensuel, 1890. 

Utrbcht, E. Nederlandsch Meteobologisch Instituut. — Nederlandsch Meteorolo- 
gisoh Jawbook, 1890.— Qnweders in Nederland, 1890. 
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Utrecht, Society of Arts and Sciences. — Prize Essay on the distribution of the 
moon's heat and its variation with the phase. By F. W. Very. 

Vienna, K. K. Centralanstalt fur Meteohologie und Eri>magn2ii«5ius. — Beo- 
bachtungen, July 1890 to June 1891.— Jahrbuch, 1889. 

Vienna, Oesterbeichischb Gesellschaft fur Meteorologie.— MeteorologischeZeit- 
Bchrift, 1891. 

Washington, Geological Survey. — Annual Report, 1887-8. 

Washington, Hydrographic Office. — Pilot Charts of the North Atlantic Ocean 
1801. 

Washington, Signal Office.— Annual Report of the Chief Signal Officer, U.S. Army, 
1889. — Bibliography of Meteorology, Part III. Winds ; and Part IV. Storms.— Mean 
Temperatures and their corrections in the United States. By A. McAdie. — Monthly 
Weather Review, Oclober 1890 to August 1891. — Rainfall of the Pacific Slope and the 
Western States and Territories.— Report of the Chief Signal Officer, 1890. 

Washington, Naval Observatory. — Magnetic Observations, 1888 and 18S9. — Report 
of the Superintendent for the year ending June 30th, 1890. 

Washington, Smithsonian Institution. — Annual Report of the Board of Regents, 
1888.— Report, 1889. 

Washington, Weather Bureau.— Special Report of the Chief of the Weather Bureau 
to the Secretary of Agriculture, 1891. 

Watford, Hertfordshire Natural History Society.— Transactions, Vol. V. Pt. 9. 
to Vol. VI. Pt. 3. 

Wkllinoton, Colonial Museum and Geological Survey of New Zealand. — Twenty- 
fifth annual report on the Colonial Museum and Laboratory, 1889-90. 

Wellington, Registrar-General's Office. — Report on the statistics of New Zea- 
land, 1889.— Statistics of the Colony of New Zealand, 1889. 

Wellington College, Natural Science Society. — Annual Report, 1890. 



Presented by Individuals, 

Bakeb, Dr. H. B. — Malaria, and the causation of Periodic Fever.— Scientific collec- 
tive investigation of disease. — The climatic causation of consumption. 

Baturoni, G. — Diagrama de Presion, Temperatura, Lluvia y Vicnto de Veracruz, Apr. 
to Oct, 1891 (MS.).— Registro de observaciones de Veracruz, July to Sept. 1891 (MS.), 

Baxendell, J. — ^Abstract of meteorological results for the borough of Southport, 
1872-90. — Meteorological observations at Southport, 1891. 

Beeoholz, Da. P. — Ergebnisse der meteorologischen Beobachtungen in Bremen von 
1803 bis 1890: 

BiNTON, J. B.— Rainfall, &c. at Blackrock, near Cork, Dec. 1890. — Statement of rain- 
fall and temperature at Blackrock, Cork, 1876-90 (MS.). 

Brown, A. and Booebyer, P. — The Meteorology of Nottingham, 1890. 

Buchan, Dr. a. — Barographic Record in the vicinity of a Tornado. By J. Ander- 
son. — On a difference between the diurnal barometric curves at Greenwich and at Kew. 
— The influence of high winds on the barometer at the Ben Nevis Observatory. —The 
Meteorological Results of the " Challenger " Expedition in relation to Physical Geo- 
graphy. 

Burdee, The late Dr. O. P. — The Frosts of recent years. 

Clark, J. E.— The Natural History Journal and School Reporter, Nos. 127 to 1.35.— 
The Wind-rush at York, March 8th, 1890. 

Clayton, H. H. — Cloud Heights and Velocities at Blue Hill Observatory. 

Clements, H.— Monthly weather forecasts, Nov. and Dec. 1891, Specially prepared 
for London. 

Collenette, a. — The rainfall of October. 

CoESTER Brothers, Messus.— Davos Platz: Alpine resort in summer and winter. 

CoxEN, Mrs.— Meteorological observations at Bulimba, Queensland, July 181^0 to 
June 1891 (MS.). 

CuRRiE, Sir Donald. — Health, the voyage to South Africa, and sojourn there. 

Davis, W. M.— Prof. Russell's Theory of Cold Waves. By S. M. Ballon. 

Denza, Padre F. — Pioggi Singolari. — Sulle osservazioni della declinazione magnetica 
eseqoite da Mons. Filippo Gilii alia Specola Vaticana e sulla Declinazione Magnetica 
in Boma.— Variazioni della Temperatura a diverse altezze. 

Dewar, D. — Weather Forecasts, 1891-2. 

Dixon, H. P.— Wiltshire Rainfall Nov. and Doc. 1890, and Aug. to Nov. 1891. 

Doyle, P.— Indian Engineering, Vol. VIII. No. 24 to Vol. X. No. 23. 

Editor. — American Meteorological Journal, Jan. to Nov. 1891. 

Editor.— Ciel ct Terre, 1891. 

Editor.— 11 Rosario e la Nuova Pompei. Anno VII, No. 7 to Anno VIII. No. 10. 
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Editor. — Nature, 1891. 

Editob. — The Telegraphic Journal and Electrical Review, 1891. 
Editors.— The Observatory, 1891. 
Edmonds, F. B.— Official Guide to Penzance. 

Eeholm, N. — £tade des conditions m6t6orologiqaes k Taide de Cartes Synoptiquee 
repr6sentant la density de Pair. — Observation faites au Cap Thorsdcn, Spitzberg, par 
rExp6dition Sa6doise. Tome I. Pt. 1. Introduction Historique. Pt. 2. Observatiooa 
Astronomiques, Q^odSsiqaes et Mar6graphiqnes. Appendice: Reconnaissances G6o- 
graphiqaes. Pt. 3. Observations M6t6orologiques. 

Ellis, W. — Map of England and Wales, showing lines of equal Magnetic Declination 
for Jan. 1, 1891.— On the difference produced in the mean temperature derived from 
daily maximum and minimum readings, as depending on the time at which the ther- 
mometers are read.-^n the diurnal variations of Magnetic Elements, as depending on 
the method of tabulation. — On the relative frequency of different winds at the Boyal 
Observatory, Greenwich, 1841-1889. 

Engelenbubo, E. — Hyetographe van Nederland. 

Ebk, F.— Die Internationale Conferenz der Reprasentanten der Meteorologischen 
Dienste aller Lander in Munich, Sept. 1891. 

Fate, H. — Sur les oourants de d6versement qui donnent naissance aux cyclones.— 
Sur un M6moire de M. W. von Bezold relatif d la th^orie des cyclones. 

Fitzobbald, D.— Yield of the Sudbury River Watershed in the Freshet of Feb. 10- 
18, 1886. 

FoEBBTEB, Db. W. — Die Erforsohung der obersten Schichten der Atmosphare. 

FoBDHA3f) H. G. — Note sur le bolide du 20 juin 1890. 

Fowleb, T.— Annual report of the medical officer of health for the Epping Union 
Rural Sanitary District, 1890. 

Fox, W. L.- Meteorological Tables for Falmouth and the Scilly Islands, 1890. 

Gledhill, G. W.— Meteorological Observations taken at High Harrogate, 1891 (MS.). 

Gltdb, £. E. — Abstract of Meteorological Observations made at Babbacombe, Tor- 
quay, 1890.— Meteorological Summaries, Nov. 1890 to Nov. 1891, made at Babbacombe, 
Torquay. 

Gbbenwood, W. N. — Greenwood's General Eludonometric Tide Tables for the United 
Kingdom, 1891. — Greenwood's nautical, general, and coasting Eludonometric Tide 
Tables, 1892. 

Haostbom, E. L. and Falk, A. — Mesures de nuages faites dans les montagnes de 
Jemtland pendant l'^t6 de 1887. 

Hall, M. — Jamaica Weather Report, Oct. 1890 to April, and June to Oct. 1891. 

Hamlyn, J.— Meteorological Observations made at Buckfastleigh, Devonshire, 1891 
(MS.). 

Hann, De. J.— Die Veranderlichkeit der Temperatur in Oesterreich.— Resnltate der 
meteorcdogisohen Beobachtungen auf dem Gipfd von Pike's Peak (Colorado) Nov. 1874 
to June 1888. — Studien fiber die Luftdruck und TemperaturverdiUtnisse auf dem Sonn- 
blickgipfel, nebst Bemerknngen liber dcren Bedeutung fur die Theorie der Cyolonen 
und Anticyolonen. — Zum Elima des westlichen Pacific. Futuna, Tongatabn. 

Haviland, Db. A. — Climates past and present. 

Hf.TiT.mann, Db. G.— Das Elima von Berlin. 1. Theil. Niederschlage, Gewitter.— Die 
Regenverhaltnisse vom 22 bis 2i November 1890 in Mittel und Westdeutsohland. 

Hildbbbandbson, Db. H. — Rapport sur la classification des nuages. — Ueber den 
Werth der Messongen von Zugrichtung und Hohe der Wolken fur die meteorologische 
Wissenschaft. 

HoiFMANN, H. — Die altesten pflanzenpheinologischen Beobachtungen in Dentschland. 
— Phanologisohe Beobachtungen, 1890. 

HoPKiNsoN, J.— Report on Phenological Phenomena observed in Hertfordshire daring 
1889 and 1890.— The abstraction of water from the chalk of Hertfordshire.— Water and 
Water- Supply. 

Hunteb, J.— Meteorological Observations made at Belper, 1891. 

Eahmbbmann, a. — R6sum6 M6t6orologique de Tannic 1890 pour Gendve et le Grand 
Saint-Bernard. 

Eegan Paul, Tbbnch, Tbubneb and Co., Messes.— Year Book of Australia 1886, 1889 
and 1890. 

Lancaster, A. — Le Climat de laBelgique en 1890. 

Leyst, E.— Ueber den Einfluss der Temperatur des Quecksilberfadens bei gewissen 
Maximum-Thermometem und feuchten Psychrometer-Thermometern. 

Llotd, Db. H. J. — Barmouth as a health resort. 

LovEGBOVE, E. J.— Rainfall at Luton in 1890 (MS.). 

Macleab, Admiral J. P.— The Blizzard in the West, March 1891. 

Mabkhau, C. a.— Meteorological Report for Northamptonshire, Oct. 1890 to Sent. 
1891. ^ 

Maeten, H. J.— Address to Section 11. of the Sanitary Institute Congress at Wor- 
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cester, 1889. — On some water-worn and pebble- worn stones taken from the apron of 
the Holt-Fleet Weir on the River Severn. 

Massie, AnuiBAii T. L.— Meteorological Diary kept on board H.M.S. Cleopatra j 
1849-53 (MS.). 

Mawi^t, B. — A simple method of taking phonological observations. — Meteorological 
Observations made at Berkhamsted, Dec. 25, 1800 to Nov. 19, 1891. — The Bosarian's 
Tear Book, 1891. 

McObacken, Liedt.-Col. J. A.— Meteorological Report for Barbadoes, Jan. 1890 to 
March 1891 (MS.). 
McIiANDSBORouoH, J,, AND Preston, A. B. — The Meteorology of Bradford, 1890. 
Melush, H. —Abstract of meteorological observations at Hodsock Priory, Worksop, 
1881-90 (MS.). 
Merbifield. The late Da. J. — Meteorological Summary for Plymouth, 1890. 
MiDOLBT, W. W. — Summary of meteorological observations at Bolton for 1890 and 
three previous years (MS.). 

MooRE, Dr. J. W. — Abstract of meteorological observations at Dublin, 1890.— Eain- 
laU at Dublin in 1890. 

MossMANK, R. C. — Thunderstorms at Ben Nevis Observatory. 
MouREAuz, T. — Rdsum6 des observations m^t^orologiques faites par M. Herv6 Man- 
gon & Br6coart (Manohe), de 1868 k 1889. 

Obmbbod, The late G. W.— Rainfall at Teignmouth, 1871-90. 
Paobt, J. — Weekly charts from a self-recording Richard barograph at Stuffynwood 
Hall, Mansfield, 1886-90 (MS.). 

Pabnabt, J. M. — Meteorological Report, Albert Park, Middlesborough, Dec. 1890 to 
Nov. 1891. 
Pb^bson, C. N.— Meteorological observations made at Reading, 1891 (MS.). 
Peek, C. B. — Meteorological observations at Rousdon, 1889. 
Phillips, F. H. —Meteorological observations made at Brighton, 1891 (MS.). 
pRBSTON, A. W.— Meteorological Notes at Norwich, 1882-90. — Notes on the great 
Irost of 1890-91. 

Pbincb, L.— Philosophical Essays. By Prof. H. Hamilton, D.D., F.R.S. — The 
Bommary of a Meteorological Journal kept at Crowborough, Sussex, 1890. 

Raoona, The late Prof. D. — Gli Osservatorii Meteorologichi di Montagna. — Sul 
Caleolo delle Osservazioni Meteorologiche. 

Baulin, v. — Sur lee observations pluviom6triques de M. H. Carlier, ^ Saint-Martin- 
de-Huiz (Landes). 

Richard Fr^rbs, MM. — Measuring, Controlling and Self-registering Instruments 
for Scientific and Industrial Purposes. 
RiooBBBACH, Dr. a. — Die Niederschlags-Verhiiltnisse von Basel. 
Robinson, Prof. H. — Sewage disposal with reference to river pollution and water 
supply. 

Russell, Hon. Rollo. — The spread of Influenza, its supposed relations to atmo- 
spheric conditions. 

Salkbld, J. — White's Caelestial Atlas, or, a new and improved Bphomeris for the 
year of our Lord 1833. 

Salle, Otto.— Das Wetter, 1891. 

Saktillan, R. a. ^Bibliographia Meteorol6gica Mexicana correspondicnte al ailo de 
1890. 

Schlich, Db. W. — A Manual of Forestry. Vol. II. Formation and tending of woods, 
or practical sylviculture. 

Shaw, Rev. G. A.— Meteorological Observations at Farafangana, Madagascar, Oct. 
1890 to April 1891 (MS.). 

Shobtt, J. — Rainfall in Tasmania, 1890. 

Blade, F. — Meteorological Observations at Beckford, Tewkesbury, 1890. 
Spabks, F. J. — Meteorological Observations made at Crewkeme, Somerset, 1891. — 
Bainfall at Crewkerue, 1890 (MS.). 

Spbumo, Dr. a. — Bericht iiber vergleichende Beobaohtungen an verschiedenen Ther- 
mometer-Aufstellungen zu Gr. Lichterfelde bei Berlin. — Neue Registrirapparate fur 
Bcgenfall nnd Wind, mit elektrischer Uebertragung. Von Dr. A. Sprung und R. Fuess. 
STA17F0RD, E.— Interstellar -^ther. By A. S. Merry. 

Btokeb, J. ^Margate and Westgate illustrated. — Report on the health of Margate for 
the year 1890. By the Medical Officer of Health. 

Symons, G. J. — Symons's British Rainfall, 1890.— Symons's Monthly Meteorological 
Magazine, 1891. 

Taylor and Francis, Messrs.— Taylor's Calendar of the Meetings of the Scientific 
Bodies of London, 1891-2. 

Thornton, Dr. B.— The Comparative Climatology of London and the chief English 
Health Resorts. 
ToDDy H.— Sonshiue record, 18S0-9, at Cambridge Observatory. 
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Ttree, R.— The Meteorology of Cheltenham, 1890.— Ramf all in the oonnty of Glou- 
cester, Dec. 1890 to Nov. 1891. 

UNTEawEOBK, J. — Ucber die kleinen Perioden der Sonnenflecken undihre Beziehong 
zn einigen periodischcn Erscheinungen dor Erde. 

Veedeb, Dk. M. a.— The Zodiacal Light. 

VoLcxEB, E.— Untersnchnngen iiber das Interyall zwischen der Bl&the and Fmch- 
treife von *' Aescnlus Hippocastaneum " und *• Lonicera tartarica." 

Watson, Rev. J. — Meteorological Observations made at Nuneaton, Jan. to June 
1891, and at Guisboron^, Sept. to Nov. 1891. 

Wells, J. G.— Burton-on-Trent Meteorological Summary for 1889. 

Whympeb, E. — How to use the Aneroid Barometer. 

WiOERT, T.— Trombe de Wimmerby le 4 juillet 1890. 

Wild, Dr. H^— Ueber den Einfluss der Aufstellung auf die Angaben der Thermo- 
meter zur Bestimmnng der Lufttemperatur. 

Wilde, H.—On the causes of the phenomena of terrestrial magnetism, and on some 
electro-magnetism for exhibiting the seaular changes in its horizontal and vertical 
components. 

Wilmbhurbt, a. J.— Temperature and rainfall at Manor Park, Esgcz, Jan. to Nov. 
1891 (MS.). 

WooDD, B. T. — Charts from Richard Barograph at Conyngham Hall, Knaresboro', 
Yorks, 1890 (MS.). 

Zenoer, Prof. K. W.— Beschreibung der Austellungs-Gegenstande. 



APPENDIX VI L 
REPORTS OF OBSERVATORIES, &c. 

The Meteorological Office.— Lieut.-Gen. R. Strachey, R.E., C.S.T., F.R.S., 
Chairman of Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Nav.-l^ieut 
C. W. Baillie, F.R.A.S., Marine Superintendent. 

Marine Meteorology. — Cinrmt Charts for all Oceans. — This work con- 
tinucs to make steady progress. All the information contained in the Office 
logs has already been entered on the charts, and during the year 1891, 4,607 logs 
of n.M. ships, obtained from the Record Office, have been consulted. The work 
has progressed so far that along the most frequented tracks the monthly course 
of the currents has been sufficiently determined, and the cffi)rts of the Office are 
now directed to the collection of information from the less usually visited 
regions of the ocean. Three of the publications relating to the Meteorology of 
the Indian Ocean, which were noticed last year, have appeared : — The Aden 
djcloiic Charts^ the Metcorolofjy of Cape Guardafui^ and Dr. MMrum's Cyclone 
Tracks for the South Indian Ocean. 

The Meteorology of the Red Sea. — These charts have not yet gone to the en- 
graver, but it may be said that the work is practically complete and will ere long 
be published. 

The Meteorology of the South Sea. — This investigation is making solid and 
rapid progress. The number of logs of II. M. ships which have been consulted 
during the year is 529, and in addition, logs have been obtained from some of 
the great Companies owning the regular lines of steamers to Australia and Now 
Zealand. 

Weather Telegraphy. — The only change in this department has been the 
establishment of a reporting station at the New Signal Station, erected by 
Lloyds at the North Foreland. The information thence derived as to the 
weather at the mouth of the Thames will be of great importance. 

The Office is publishing means of various elements from the Daily Weather 
Report, which will, it is hoped, be found useful. 

Land Meteorology of the British Isles. — The Volume of the (?««r/rr/y 
Weather Report for 1880 is now complete. The volumes of the Hourly Mean 
Readings for five day periods, as explained in last Report, have been published 
for 1887 and 1888, and that for 1889 is in a very forward state. 

The Harmonic Analysis of the Hourly Ohservations made at British Observa- 
tories hy GenQYsA Strachey has been issued. The volume of Observations from 
Statio7ts of the Second Order for 1887 has appeared, and it is anticipated that 
that for 1888 will be out before Midsummer. 
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In addition, the Registrar General for Ireland has been as usual supplied witl 
returns from 11 stations for his Quarterly Reports. — February 1892. 



1 



Royal Observatory, Greenwich. — W. H. M. Christie, M.A., F.R.S., 
Astronomer Royal ; Departmental Superintendent, William Ellis, F.R.A.S. ; 
Assistant, William C. Nash. No change of importance lias been made in cither 
the instruments or methods of observation during tlie past year. 

The vane of the Osier anemometer, which had been in use since the year 1841, 
began in the last autumn to show signs of weakness. This afterwards increased, 
and during the gale of November 11 it was found that the tail piece had broken 
adrift from tlie pointer. A scaffold was erected, and the vane, which is more 
than 9 feet long, was removed for examination. It was thoroughly repaired and 
reinstated in position before the end of the year. A collar on the vane shaft 
bears on anti-friction rollers, rendering the vane very sensitive to changes of 
direction of wind. These portions of the apparatus, which had been in action 
for many years, were, it was satisfactory to lind, in excellent condition. 

In the month of June last the thermometers for ascertaining the temperature 
of the water of the River Thames became deranged, and in October we were 
informed by Dr. Collingridge that the Port of London Sanitary Authority had 
decided that these observations should be discontinued. Observations of the 
temperature of the river in this locality were tirst commenced in the year 1844. 
This series was interrupted in 1879. In 1883 a further series was commenced, 
which has now also come to an end, and there seems to be no other convenient 
place in this neighbourhood where thermometers could similarly be suspended in 
mid-stream. 

In the year 1889 Mr. Dines very kindly tested our two Robinson anemometers 
on the wnirling machine then erected at Hersham. One instrument is by Ne- 
gretti and Zambra, and was in use until the year 1866, the other is by Browning, 
and has been used since that year. The dimensions of the parts of these instru- 
ments are as follows : — 



Instrument. 


Diameter 


Distance between 




of cups. 


centres of opposite 






cups. 


Negretti and Zambra. 


3J inches. 


13*45 inches. 


Browning. 


5 „ 


3000 „ 



Twenty-three experiments were made, each lasting for 15 minutes. The in- 
struments were exposed simultaneously, but, being placed in different positions 
on the whirler, it follows that the Negretti and Zambra instrument was tested 
from an actual velocity on the whirler of from 7 miles to a little above 30 miles 
per hour, and the Browning instrument from 10 miles to 50 miles per hour. 
There was a little wind during some of the experiments, the influence of which 
has not been regarded. Calling the recorded and measured hourly velocities 
V and V in each case respectively, the results were found to be well represented 
by the following expressions : — 

Negretti and Zambra instrument ... 1472 -f -8407 X v = V 
Browning instrument 3970 -f- '0605 X v =: V 

On the understanding that the velocity recorded (v) is three times the motion 
of revolution of the cups, these expressions indicate that the factor is consider- 
ably less than 3 at high velocities. Or otherwise, when the inertia of the instru- 
ment, represented by li miles hourly for the Negretti and Zambra instrument, 
and 4 miles hourly for the Browning instrument, is overcome, the factor is sen- 
sibly the same for all velocities within the range of the exj)eriments. Details 
of the experiments are given in the Greenwich volume for the year 1889. 

The reduction on one system of the magnetic records 1865 to 1882, spoken of 
last year, is nearly complete. The reduction of the photographic records of the 
thermometers having been now completed for the whole period since 1849, the 
mean daily values, each one depending on 24 hourly readings, have been tabu- 
lated according to days for the whole year, adding thereto the daily values 1841 
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to 1847 as depending on 12 two-hourly eye observations, and those for 1848 as 
depending on 6 readings daily, including values for Sundays during the period 
1841 to 1847 found from eye observations, and afterwards also for other days on 
which, principally in early years, there was photographic or instrumental failure. 
The tabulation extends from 1841 to 1890, from which daily mean values, depend- 
ing on the 50 years results, are being formed. The daily maximum and mini- 
mum eye readings given by the self-registering thermometers have been also 
tabulated for the same period, in order to form corresponding mean dail}' values. 
^February lOth, 1892. 



Royal Observatory, Edinburgh. — Ralph Copeland, Ph.D., P.R.A.S., Astro- 
nomer Royal for Scotland. 

At the Edinburgh Royal Observatory the meteorological work of former years 
has been continued without material change. The quarterly returns, based on 
observations at 55 stations of the Scottish Meteorological Society, together with 
monthly summaries for eight of the chief towns in Scotland, have been prepared 
for the Registrar General for Scotland as previously. The daily readings at the 
Obser\'atory have also been continued, as well as the weekly record of the earth 
thermometers. 

The old rain gauge on the Observatory roof, 370 feet above the sea, registered 
only 17*17 inches for the whole year, while another instrument of the same aper- 
ture on the grass, 23 feet lower down, caught 2505 inches. Unfortunately, 
neither of the gauges is in a favourable position, the various buildings, monu- 
ments and trees on Calton II ill producing eddies in the wind which it is impos- 
sible to avoid. 



The Kew Observatory of the Royal Society, Richmond, Surrey. — 
G. M. Whipple, B.Sc, Superintendent. 

The several self-recording instruments for the continuous registration respec- 
tively of atmospheric pressure, temperature, and humidity, wind (direction and 
velocity), bright sunshine, and rain have been maintained in regular operation 
throughout the year, with the exception of the wet-bulb thermograph. 

The readings of the last-named instrument during the winter of 1890-91 be- 
came irregular, and it was found to vary considerably from its accompanying 
standard. It was accordingly decided to dismount the thermometer and to re- 
place it by a new tube, which was done in July last. On examination, the bulb 
showed the existence of a crack, which eventually extended completely around 
it. The scale value of the new tube has been determined by means of nearly 
300 comparative readings, and new glass and ivory tabulating scales for it have 
been constructed at the Meteorological Office. For fcontrolling these values, an 
experimental determination of the zero of the instrument was made by means of 
melting ice. 

Experiments were made, unsuccessfully, to use a Richard pen with the Beckley 
rain gauge, but a BBB black-lead pencil was found to be more reliable in its 
indications than such a pen. 

The standard eye observations for the control of the automatic records have 
been duly registered. 

The tabulations of the meteorological traces have been regularly made, and 
these, as well as copies of the eye observations, with notes of weather, cloud and 
sunshine, have been transmittea, as usual to the Meteorological Office. 

Tables of the monthly values of the rainfall and temperature have been regu- 
larly sent to the Meteorological Sub-Committee of the Croydon Microscopical 
and Natural History Club for publication in their Proceeding's. Detailed infor- 
mation of all thunderstorms observed in the neighbourhood during the year has 
been forwarded to the Royal Meteorological Society, soon after their occurrence. 

The elcctrograph has been maintained in action dming the greater portiou of 
the year. The records were, however, lost for forty-eight days on account of the 
freezing of the water-jet during frost in winter. The instrument has failed in 
sensibility during the last year owing to the large extent of diminution which 
tlic 60-ceil chloride of silver battery has experienced in its charge, the potential 
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of which has apparently diminished by one-half. This having been reported to 
the Meteorological Council, it was decided by them to obtain the opinion of 
experts on the subject of the measurement of Atmospheric Electricity, and, 
meanwhile, to continue the instrument in action in its present condition. 

The copies of the observations of Violle*s actinometer made during 1890 were 
duly forwarded to the Meterological Office in January, and, as the Committee 
understand, have been handed over by that Office to Mr. H. F. Blanford, who 
will report on the subject to the Solar Physics Committee. 

The Committee have had under trial on the roof of the Observatory two new 
forms of wind registering instruments, the an6mo-cin6mographe of MM. Richard 
Fr^res, of Paris, and the sight-indicating velocity meter of Munro, of London. 

The first-named instrument is an improved form of the old wind-mill vanes 
anemometer which was used by Smeaton after Rouse and Robins, but is best 
known as Whewell's. The anemo-cinemograph is similar to that which was 
employed on the top of the Eiffel Tower at Paris, and the vanes, by running 
constantly against a train of clock-work, record directly on a sheet of paper the 
velocity of motion of the wind at any time. Continuous records were obtained 
for six months, and the result given would seem to show that the indications of 
the Kew Beckley anemograph are in excess of those given by the new instru- 
ment. These are 20 per cent, less than those of the anemograph with winds 
blowing at 40 miles or upwards per hour, and 12 per cent, less with light winds 
which blow at from 6 to 10 miles per hour. A reduction of the Robinson factor 
from 3 to 2*5 would serve to render the readings of the two instruments more 
nearly comparable. As the Richard instrument is designed to record the velocity 
of the wind in gusts as well as the total run during any definite interval, no de- 
tailed comparisons with the Robinson indications ai*e possible ; but it may be 
noted that during the period the cinemograph was under observation gusts of 45 
and 43 miles per hour were recorded, whilst simultaneous curve readings of the 
Robinson gave hourly rates of 55 and 52 miles for quarter of an hour intervals. 

The Munro sight-indicating anemometer is a sensitive Robinson cup arrange- 
ment, which drives, by means of a small centrifugal pump, a column of oil up a 
glass tube. Its height above a fixed zero mark, as shown on a divided porcelain 
scale at the side, indicates the velocity of rotation of the cups when converted 
into miles per hour of wind movement. The divisions of the scale have been 
laid down in accordance with Mr. Dines' experimental deduction. When the 
instrument was originally set up, it was found incapable of recording a velocity 
of more than 40 miles per hour, but, during a gale in November, velocities were 
attained during several gusts of over 70 miles per hour, and accordingly Mr. 
Munro has found it desirable to change the gearing of the pump so as to enable 
the higher values to be indicated. The comparisons with the new gearing are 
not sufficient in number to furnish results suitable for quotation at the present 
time, but they appear to show, during gusts, rates fully 20 per cent, higher than 
the cinemograph gives. The instrument as fitted at present fails to work during 
frost, owing to congelation of the oil employed. 

The operations with the cloud cameras have been conducted during the past 
year solely according to the simplified method of zenith observation, as described 
in last year's report, and results were obtained on 24 days. A joint paper by 
General Strachev and the Superintendent, describing the plan of working, was 
read before the lioyal Society in June, and was fully illustrated by photographs 
shown in the optical lantern. 

Particulars, with specimens of cloud pictures, were also supplied to Mr. 
Rutch, of the Blue Hill Observatory, for communication to the Committee of 
the International Meteorological Conference at Munich. 

Experiments were also made with several new lenses kindly lent by Mr. Dall- 
meyer, in order to select one suitable for giving pictures covering a wider field 
of view than the R.R. lens hitherto employed, which confines the observer to 
clouds within 15^ of the zenith. The results of tiiese experiments, as well as 
others with Eastmann films used instead of glass plates, have been communicated 
to the Meteorological Council. 

In compliance with the request forwarded by Mr. Clayden, secretary to the 
British Association Committee on Meteorological Photography, for copies of 
photographs illustrating meteorological phenomena, or their elfects, the Com- 
mittee forwarded a selection of duplicate cloud and other photographs to be 
added to the collection which has been formed. 
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M. IJcnoit, tlic Director of the Conservatoire des Poitls ct Mcsurcs, Paris, hav- 
ing completed his examination of the three standard thermometers, and sub- 
mitted his report upon them to the Committee, who have placed it in the hands 
of Professor Riicker for discussion, proceeded to examine the low-range alcohol 
thermometer which accompanied them. Whilst conducting this operation, M. 
Carj)eiiter, the observer, was so unfortunate as to break the tube. M. Benoit, 
having strongly advised that further comparisons at low temperatures should be 
made by means of thermometers filled with toluene instead of with alcohol, has 
been requested by the Committee to order such an instrument of M. Tonnelot, 
tlie maker, and compare it with the Sevres standards before its delivery in Eng- 
land. The mercurial standards were safely returned to the custody of the Obser- 
vatoiy by M. Carpenter in May last. 

In the preliminary operations necessary to conduct the satisfactory exami- 
nation of photogi-aphic lenses, Major L. Darwin, late R.E., has been associated 
with Captain Abney, and, in accordance with his suggestions, a special camera, 
capable of working with lenses of 6 inches aperture and 30 inches focal length, 
has been constructed by Mr. Meagher, and fitted up at the Observatory. A 
photometer, on Abney's principle, 13 feet long, has also been fitted for use in 
the testing operations. A detailed account of the apparatus and methods em- 
ployed is in course of preparation by Major Darwin for publication. Meanwhile 
circulars, respecting the proposed scheme of examination and preliminary certifi- 
cates, have been printed, and 200 distributed amongst the leading opticians, 
manufacturers, and secretaries of all the best known photographic societies, both 
at home and abroad, to call their attention to the intended plan of examination. 
—April 1892. 

Radcliffe Observatory, Oxford. — E. J. Stone, F.R.S., Radcliffe Observer. 

The following is a report on the meteorological work of this Observatory for 
the year 1891 :— 

The observations have been made on the same general plan as that mentioned 
in the Report for 1890. 

The self -registering instruments have worked satisfactorily throughout the 
year ; they have been cleaned as usual, but have not required any repairs. The 
argentic gelatino-bromide paper has been used since February 1890, and gives 
satisfaction. 

Weather Reports have been sent, as in previous years, daily (by telegram) to 
the Meteorological Ofiice ; bi-monthly to the United States Signal Ofiice ; monthly 
to the Registrar General and local newspapers ; and yearly to Symons's British 
Rainfall ; also to the Chief Engineer to the Oxford City Council, and to others 
by request. 

Tlie eye observations, and tlie rainfall and sunshine records, are reduced to 
date, and have been published under different forms. The Rainfall records for 
1815 to 1891 have been collected for publication. 

The mean temperature of the air for the year 1891 was 47°*6, or l°-6 below the 
average for the last 36 years. The total amount of bright sunshine was 1,.362 
hours. The maximum temperatures, in the shade, recorded on February 27th 
and 28th, 1891, were very exceptional, being G2^*2 and 03^*3 respectively ; and 
no higher readings than these were recorded from October 14th, 1890, until May 
7th, 1891. The previous records of the Observatoiy do not show so high a tem- 
perature in the shade for the month of February as 00"^. 

The mean reading of the barometer (reduced to 32° F.) for the month of 
February, 1891, is the highest monthly mean for this Observatoiy since the year 
1828 ; and, although the earlier records have not yet been completely discussed, 
it appears to be the highest monthly mean since 1809, when tlie three readings 
daily were first regularly made and recorded. 

No measurable quantity of rain fell during the month of February. The pre- 
valence of calms and light airs during the month was also very exceptional. 

The maximum temperatures of the months of June, July, and August were 
generally low. The highest temperature in June was 75°*8 on the 19th, in July, 
77 -1 on the 17th, and in August only 72°-3 on the 14th. The absolute maximum 
was 80"*8 on Sejitember 11th, and the absolute minimum was 12°'l on January 
11th and 19th. 

The photographic meteorological work has been generally under the charge of 
Mr, F. A. Bellamy.— ifarc/4 lO^A, 1892. 
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liEPORT ON THE 

PHENOLOGICAL OBSERVATIONS 

FOR 1891. 

By EDWAliD MAWLEY, F.K.Met. Soc, F.R.H.S. 

(Platos V. and VI.) 



[Read February 17th, 1892.] 

As tho present Report differs in many respects from the series on the same 
subject which have preceded it, it will bo advisable to preface it with a few 
explanatory remarks. 

It has long since been decided by this Society that if meteorological 
observations are to be of any climatological value, they must be carried 
out at all the stations on one strictly uniform plan. Now the same 
principle must surely hold gC>od when, instead of instruments of precision 
like thermometers, rain gauges, &c., we have to deal with plants, birds, and 
insects. In order, therefore, to make the Society's Phonological returns as 
comparable as the conditions under which they are taken will allow, the 
observers are required under the new regulations to note each year the 
flowering of the same individual trees and shrubs, and in the case of herb- 
aceous plants, those situated in the same spots. As a further precaution in 
the same direction, the observers have also been instructed to select for the 
purposes of observation plants growing in fairly open positions ; and even of 
those so situated, to reject any which, from some peculiarity of the soil, or 
other disturbing influence, come into flower abnormally, either early or late, 
for the district the climate of which they are required to indicate. 

With a view to reduce as far as practicable the element of uncertainty, 
which is unfortunately inseparable from observations of this character, how- 
ever carefully they may be made, tlio localities from which observations are 
sent in cannot well be too numerous. Tho number of observers has, there- 
fore, been considerably increased. During the past year returns have becu 
received from 92 observers in England, from 7 in Scotland, and from G in 
Ireland — or from 105 observers iu all. From the map (Plate V.) shoNviiig 
the positions of the ditibrcut stations, it will bo seen that additional 
observers are much wauteil in the north of England, as well as in all the 
Scotch and Irish districts. The only district altogether unrepresented is 
Scotland East (J.). 

Another distinctive feature of the present system is the great reduction 
that has been made in the number of plants selected for observation. I>ut 
for this reduction it would have been almost impossible to find suflScient 
observers competent and willing to carry on the work. In making the 
Bclection three objects have been kept in view : — 1. To insert on the list no 
more plants than were absolutely necessary. 2. To confine the choice to tho 
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most familiar wild flowers. 3. To take care that the average dates of their 
blossoming should occur at fairly regular intervals during the entire flower- 
ing season. 

The duties of an observer are now so simple and easy, when once he has 
selected the particular plants ho has decided to observe, that there should be 
little difficulty in his finding a reliable deputy observer to undertake the 
observations during his absence. 

There is one other point I should Uke to mention, and that is, the neces- 
sity of adopting average dates of flowering for all the plants on the list with 
which to compare the observations recorded. Otherwise the dates given in 
the tables are meaningless and of little value. Averages are also required for 
the dates of the appearance of the birds and insects. I have, however, as 
yet only had time to obtain averages for the difierent plants, and these must 
be regarded as only approximately correct, owing to the difficulty of finding 
sufficient reliable data from which to compute such averages. After 
making numerous calculations, and instituting many bewildering comparisons, 
I at last decided to adopt as a standard the excellent set of observations, ex- 
tending over 20 years, made at Marlborough by my worthy predecessor in 
office, the Rev. T. A. Preston. Although Marlborough is situated in a cold 
hilly district, I find that during the early spring especially the recorded 
dates of flowering are among the earliest in the country. No doubt the 
number of natural history observers found among the boys at the college, 
who are constantly scouring the surrounding country in search of wild 
flowers, &c., may in a great measure account for the carliness of the Marl- 
borough dates. I have also made use of the 14 years' All England means 
given in the Floral Calendar of the Natural History Journal, as well as the 
8 years' observations made at Croydon by my friend Mr. W. F. Miller, for 
many years one of the Society's most trustworthy observers. 

The districts into which the British Isles have been divided are the same 
as those adopted by the Meteorological Office. They are arranged in the 
order of their mean temperatures, beginning with the warmest and ending 
with the coldest districts, and are distinguished by capital letters instead of 
numbers. 

My best thanks are due to Mr. G. J. Symons, F.R.S., for the kind assist- 
ance he has given me in the preparation of this Report, and also to the 
Society's stafl" of observers — many of whom have sent in during tlie past year 
very satisfactory returns. 

Twelve of the Natural History Societies in connection with the British 
Association are represented by one or more members on the following list 
of observers. 
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LIST OF OBSEBVBRS. - ."- 



District and Station. 



Connty. 



Penzanoe (Marazion) 

Liflkeard 

Torquay (Babbaoombe) 

^Terton 

Bideford (Westward Ho) 

WellB 

Weaton-snper-Mare (Svdoot) 

Bristol 

Bristol (Clifton) 

Bristol (Clifton) 

Cardiff (Pttuurth) 

Cardiff 

Cardiff (Castleton) 

St. Davids 

B. 
Killazney 

WMdow 

0. 

Oharmonth (Whitohnroh 

Canonioorom) 
Winoanton ^nokhom Weston) 
Lymington ^ennin({ton) 
\lnnehfield (StrathfieldTWgiss) 
Hastings (Bexhill-on-Sea) 
Canterbury 

Sittingboame (Lynsted) 
Boehester 

Bwhnrst (Coneyhnrst) 
(Jodalming 

Cranleigh (Winterfold) 
Cobham 

W^bridge (Addlestone) 
Bast Moles^ 
Salisbury (Farley) 
Salisbury 
Salisbury 
Salisbury (Denton) 
Devises (Potteme) 
Blarlborough 
Lamboume 
Blading (Whitohuroh) 



Henl^-on-Thames 
Henley-on-Tbames 
London (Hampstead and High- 
gate) 

D. 
Oxford 

Burford (Great Barringt^n) 
Cheltenham 
Tewkesbury (Beokford) 
St. Albans 
St. Albans 
St. Albans 
Berkhamsted 

Harpenden 

Boss 
BvMham 



{ 



Cornwall 

Cornwall 

Devon 

Devon 

Devon 

Somerset 

Somerset 

Gloucester 

Gloucester 

Gloucester 

Glamorgan 

Glamorgan 

Glamorgan 

Pembroke 

Kerry 

Wicklow 

Dorset 

Dorset 

Hants 

Hants 

Sussex 

Kent 

Kent 

Kent 

Surrey 

Surrey 

Surrey 

Surrey 

Surr^ 

Surrey 

Wilts 

Wflts 

Wilts 

Wilts 

Wilts 

Wilts 

Berks 

Oxford 

Oxford 
Oxford 
Middlesex 



Oxford 

Oxford 

Gloucester 

Gloucester 

Herts 

Herts 

Herts 

Herts 

Herts 

Hereford 
Worcester 



li 






Ft. 

40 
400 
290 
270 
100 
140 
260 
200 
300 
250 

I20 
40 
80 

220 

100 
ID 



150 

290 
ICO 
200 
ID 

SO 
140 

t • 
600 

• • 
580 
ICO 

100 

40 

• • 

150 
150 

. . 

390 

480 
420 

150 

500 



200 

420 

250 

120 
380 
300 

380 

400 

370 

210 

lao 



Observer. 



F. W. Millett 

S. W. Jenkio, C.E. 

E. E. Glyde, F.B.Met.Soc. 

Miss M. B. Gill 

H. A. Evans 

Miss M. A. G. Livett; 

E. G. Aldridge, F.B.Met.Soc. 
J. F. Wood 

G. C. Griffiths, F.E.S. 
B. M. Prideaux 

G. A. Birkenhead 

A. Pettigrew 

F. G. Evans, F.B.Met.Soc. 
W. P. Propert, LLJ). 

FJl.Met.Soc. 
Yen. Archdeacon Wynne, 

F.B.Met.Soc. 
Miss S. S. Wynne 

Miss Mules 

W. Bendall 

Miss H. E. H. D'Aeth 

Bfiss E. S. Lomer 

Bev. C. H. Griffith 

H. Le Mesurier Dunn 

Dr. J. Beid 

B. M. Mercer, F.B.Met.Soc. 
L. Dale 

J. Bussell 

G. Waller 

B. Turveyl 

C. H. Hooper, F.S.A. 

C. U. Tripp, M.A., F.B.Met.Soc 

Mrs. M. S. Jenkyns 

Miss Henderson 

E. J. Tatum 

W. Hussey 

Mrs. A. E. Audland 

H. A. Wadworth, F.B.G.S. 

E. Meyrick, BJL., F.Z.S. 

B. 0. Mawley 

Bev. J. Blatter, M.A., 

FJi.Met.Soc. 
H. Goadby 

0. U. Tripp, M.A., F.R.Met.Soc. 
J. H. Salter, B.Sc. 



F. A. Bellamy, F.B.Met.Soc 

B. W. Mason 

M. L. Eyans 

F. Slade, FJl.Met.Soc. 

J. Hopkinson, F.B.Met.Soc. 

Miss E. F. Smith 

H. Lewis 

Mrs. E. Mawley 

J. J. Willis 

T. Wilson, FJt.Met.Soc. 

H. Souttiall, F.B.Met.Soo. 

Bev. D. Davis, BJL, 
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:'•/•.' LIST OF 0B8BRVRRS— C<mt<mi€d. 




• • 

• • • 
• 
• 








t 
• 

• 

• • « 

• • 


•. 'Distriot ^nd Station. 

• 


County. 


Heights 
sea-lei 


ObBorver. 


• 

•• 


D. 




Ft. 






Northampton 


Northampton 


320 


H. N. Dixon, M.A., FX.a 




Churchstoke 


Montgomery 


550 


P. Wright, F.R,Met.Soc 




Thorcaston 


Leicester 


250 


Rev. T. A. Preston.F JLMet.Soe. 




Melton Mowbray (Botherby) 


Leicester 


250 


J. Hames 




Uppingham 


Rutland 


300 


Q. W. S. HowBon, M.A. 




Walsall 


Stafford 


450 


W. F. Blay, FJt.Met.Soc 




Qorton-on-Trent 


Stafford 


160 


J. Q. Wells 




Borton-on-Trent 


Stafford 


60 


Bey. C. F. Thomewill, F.B.S. 




Stoke-on-Trent (Tean) 


Stafford 


470 


Bey. G. T. Byves, F^MetSoe. 
M. G. B. Byyes 




Beeston 


Notts 


210 


G. Fellows. F.B.Met.Boo. 




WorkBop (HodBOok) 


Notts 


60 


Miss Meliiflh, F.BAS. 




Bakewell 


Derby 


400 


Miss E. Taylor 




Maoclesfield 


Derby 


500 


J.Dale 




Grantham (Belton) 


Lincoln 


200 


Miss F. H. Woolward 




Harrogate 


Torks 


BOO 


J. Farrah 




Haddersfield 
Hertford 


TorkB 


S. L. MobI^ 




Herts 


140 


W. Qraveson 




Hitchin 


Herts 


230 


J. E. Little, M.A. 




Braintree 


Essex 


240 


H. S. Tabor, FJt.Met.Soo. 




Oolchester (Lexden) 
Saffron Widden 


Essex 


90 


Miss Carver 




Essex 


• • 


J. H. Salter, B.So. 




Ipswich (Sproughton) 


Suffolk 


30 


Bey. A. FoBter-Melliar 




Norfolk 


190 


MIbs E. J. Bazrow 




Wryde 

P. 

Chester 


Northampton 


10 


S. M. Egar 




Cheshire 


70 


B. NewBtead. F.E.S. 




Parkgate (Heswall) 


Cheshire 


• • 


J. Sherwood 




Rochdale 


Lancaahire 


• • 


T. S. Smithson 




Caton (Clanghton) 


Lancashire 


80 


Mrs. Kent Green 




Settle 


Yorks 


500 


S. S. Bnrlingham 
Miss F. P. Thompson 




Settle (Giggleswick) 


Yorks 


500 


E. Peake 




Ambleside 


Westmoreland 


3*0 


S. A. Marshall 




Egremont 


Cumberland 


160 


J. Sherwen 




Douglas 


I. of Man 


150 


H. S. Clarke. F.E.S. 




Orry*8 Dale 


I. of Man 


70 


Miss C. G. Orellin 




Ramsey 

G. 

Edgeworthstown 


I. of Man 


70 


P. M. C. Eermode 




Longford 


270 


J. M. Wilson, B.A. 




liougbbrickland 


Down 


350 


Bey. H. W. Lett. M.A. 
Bey. C. H. Waddell, M.A. 




Saintfield 


Down 


310 




Antrim 

H. 
Dairy (Dalshanghan) 


Antrim 


70 


Bey. W. S. Smith 




Kirkcudbright 


500 


T. B. Bruce 




Penpont (Auchenhessnanc) 
Tynron 


Dumfries 


540 


T. Brown 




Dumfries 


520 


J. Shaw 




Thornhill 


Dumfries 


300 


J. Fingland 




Jardington 


Dumfries 


100 


J. Butherford 




Helensbnrgh 

At 
Ulceby (Great CSotes) 


Dumbarton 


100 


Miss Mnirhead 




Lincoln 


• * 


J. Cordeaux 


' DoddiDgton 


Lincoln 


90 


Rev. R. E. Cole 


Driffield 


Yorks 


80 


J. Level, F.R.Met.Soo. 




Thirsk 


Yorks (N. R.) 


120 


A. B. Hall 




Darlington (East Layton) 


Yorks (N. R.) 


570 


Mrs. E. 0. Maynard Proud 
H. J. Carpenter 




Durham 


Durham 


3SO 




Hexham (BinMeld) 


Northumberland 


• • 


J. Coppin (the late) 




Qarve (Inverbroom) 


Boiiahire 


SO 


J. A. Fowler 
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The Winter of 1890-91. 

Throughout England the weather continued extremely cold during De- 
cember, but in Ireland the mean temperature was only about 8° below the 
average. During January the same relative conditions again prevailed. 
Taking the variations in the mean temperature from the average at all the 
staticms for which these are given in Mr. C. Harding's paper^ on ** The Great 
Frost of 1890-91/' I find the departures from the average for the 59 days 
during which the frost lasted (November 25th — January 22nd) to have been as 
tolloim—England, South — 9°-2, East — 9°-l, Midlands — 7°-8, South-west 
—T'l, North-west —5*^-6, North-east — 4^-9, Ireland, South — 4^-0, North 
— 8°-7 ; Scotland, West— 8^-0, —East 2°-8, North— 1°-9. Even if the mean 
temperatures themselves be taken, the contrast between those of the South of 
England and the North of Scotland is very striking — ^that of the former being 
only 29^*9, while that for the North of Scotland comes out as 86^*7, or 
nearly 7^ warmer. 

Seldom has vegetation been kept for so long a period at a complete stand- 
still. Where the frosts were most severe many tender shrubs, like the 
arbutus, bay, common laurel, and euonymus were killed outright. On the 
farms the destruction of swedes and turnips appears to have been very 
general, while in the gardens the frost committed sad havoc amongst winter 
vegetables of all kinds. Of the latter, the first to succumb were brocoli, 
while Brussels-sprouts may be mentioned as being among those least in- 
jured. Owing to the prolonged cold, thousands of birds were either starved 
or frozen to death in the Southern, Midland, and Eastern Counties of Eng- 
land. On the other hand wild ducks were unusually plentiful, also many 
birds rarely seen in this country during ordinary winters, such as the bittern, 
the great bustard, Bewick's swan, the whooper, &c. In November and 
December immense flocks of small birds were occasionally to be seen making 
their way westwards. Their destination is thought to have been the South of 
Ireland, where there had not been at the end of the year a single week's hard 
frost, and where roses and other flowers were still in blossom after Christmas 
Day. In the North of Scotland our observer states that there was never 
enough frost to bring the woodcocks down to the springs for water during 
either December or January. February proved everywhere mild, dry and 
bright. In England, however, the mean temperature was only about 1* above 
the average, whereas in Ireland it was 2°, and in the North of Scotland as 
much as 4^ in excess of it. 

This cruel winter as regards vegetable life possessed, at least, three redeem- 
ing features : (1) It was one of the driest on record ; (2) The ground was 
protected with snow during its most intense frosts ; and (8) It left the land 
in a better condition for working than either fanners or gardoncrs of the 
present generation have perhaps ever known before. In many cases the soil 
could be harrowed and drilled immediately after ploughing. Treating the 

^ QuarUrly /owmal, Yol. XTIL p. 98. 
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averages given in Table 11. as approximately correct, the hazel was, in most 
districts, from 10 days to three weeks late in coming into flower. 

Observers' Notes. 

December, 1890. — Throwleigh^ Devon (A.). An extraordinary flight of birds 
was observed in many parts oi Devon on December 21st, after the first heavy 
fall of snow. Continuous stream of skylarks flying westward. Over 500 were 
counted in three minutes, and the cloud of birds seemed endless in every direc- 
tion. — Rev. E. C. Spicer, in Zoologist. New Ross (Co. Wexford) (B.). The 
flocks of birds seen at Brighton, Lyme Regis, and in Devonshire, were making 
for the S.E. of Ireland. Skylarks were numerous here at the end of December 
and beginning of January. 25th. Redwings and fieldfares extremely name- 
rous. 80th. Hundreds of flocks of plover and golden plover. We have not 
had here a week's continuous hard frost. — G. E. H. Barrett-Hamilton, in Zoolo- 
gist. Wicklow (B.). 20th. Nasturtiums killed by frost. 26th. Gathered 
roses, Christmas roses, sweet scented geraniums and laurustinus to make a 
wreath. Castle Towmend (Co. Cork^ (B.). 81st. During the whole day a con- 
tinuous stream of birds, chiefly starhnss, with fieldfares, finches and other small 
birds, kept passing westward across the harbour, amidst the blinding snow. — 
R. J. Usher, in Zoologist. Lyme Regis, Dorset (G.). 29th. Vast flocks of larks 
and starlings, with fieldfares, redwings, lapwings and linnets, with other small 
birds, passed over us flying west in an almost continuous stream. — A. Lister, in 
Zoologist. 

January, 1891. — Babbacomhe (A.)* Owing to the absence of snow to cover 
the ground, vegetation was much injured by the prolonged frost. Sydeot (A-)- 
31st. Saw three wild snowdrops (one partly open), three small primroses, one 
lesser celandine, and one blue scented violet, and some partly expanded leaves 
of honeysuckle. Wicklow (B.)« 29th. Snowdrop in flower. Lyme Regis^ 
Dorset (G.)* 8th. The rigorous weather has killed off thrashes and blackbirds 
in numbers altogether unprecedented in my experience. The dead redwings 
and song-thrushes in many fields might be counted almost in hundreds. — A. 
Lister, in Zoologist. Strathfield Turgiss (G.)f 28th. Rooks commenced building 
their nests. Canterbury (G,). 26th. Crocus first in flower. 27th. Christmas 
rose (Heleborus niger) only now in flower, generally out during the second week 
in December. Cobham (G.). 3rd. Rabbits thin and very keen i^er food. They 
eat the bark of newly planted apples and peaches, also wallflowers and veronicas. 
11th. Rabbits nibblea bark of nolly, laurel, ivy, &c. 14th. Pigeons shot with 
acorns in crop. 16th. Brecoli killed. 3l8t. Sweet violets in flower in garden. 
Great Barrington (D.)« 14th. Saw an Alder in leaf in the middle of a coppice. 
Hodsock (D.). 23rd. The long frost first broke up. 29th. Snowdrop in flower. 
Colchester^ Essex (E.)* 10th. We have been visited by many species of birds we 
rarely see in milder winters — Common bitterns, Bewick^s swans. Bean geese, 
Eiders and Smews, from Zoologist. Bingfield (1.). Brocoli and parsley killed by 
frost. Inverbroom (KO* ^^^ enough frost to oring the woodcocks down to the 
springs during either December or January. 

February. --TTe//^ (A.). The effect of the long frost, followed by drought, is 
seen in the Celandine, which came into flower on the 28th, quite 2} weeks later 
than its average. Sydeot ^A.). 11th. Yellow crocuses, snowdrops, white 
arabis and daphne mezereum m fiower. Frome, Somerset (Q,\ Great destruc- 
tion of bird life during the past winter. Have lost nearly all our owls, also a 
freat many partridges, rooks and small birds. — M. A. Mathew, in Zooloaist. 
*ennington (G.). Green vegetables, roots and tender shrubs much damagea by 
the winter frosts. Many thrushes and redwings killed. Wild ducks ana geese 
very plentiful, but some of the usual winter visitors, such as green and golden 
plover, fieldfares and gulls, were absent. 3rd. Crocus first in flower. 22Bd. Frog- 
spawn first seen. Strathfield Turgiss (G.)* 28th. Moles once more busy again. 
Cranleigh (C.). 1st. Snowdrop in flower. 12th. Yellow crocus in flower. 
Cobham (C.). Many ivy, holly, laurel and cedar leaves falling, owing to severe 
and dry winter. 8rd. About 350 dead trout in a lake, out of 1,000 imported. 
12th. Crocus in flower. Gh-eat Barrington (D.)- Numbers of frogs killed by 
the frost were found dead in the ponds. Many acres of turnips and swedes have 
been destroyed by frost, in some cases not a single sound root has been left in 
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the ground. Beckford (D.)* Brocoli and Winter cabbage destroyed by frost, 
also three-fourths of the swedes and turnips. Ist. Snowdrop first in flower— a 
later date than in any year since 1881. St. Albans (D.). The effect of trees in 
conveying moisture to the ground was at times very marked, quite a ehower 
falling from them, and water running off the roads into the side ditches, while 
the dust was blowing on other parts of the road. Berkhamsted (D.)* Hth. 
Winter aconite in flower. Ross (D.). 27th. The bat was first seen. The 
earliest previous appearance during the last eight years being March 1st, 1883, 
and the latest April 2nd, 1882. Northampton (\^,), 17th. Yellow crocus first 
. in flower. I could not see a sign of Whitlow grass on walls where it has been 
frequently in flower early in January. Churchstoke (D.)* No damage seems to 
have been done to shrubs by the hard winter. The farmers say they have 
hardly ever known the land work so well. 25th. The pied wagtail returned 
from the south. Walsall TD,). 27th. The effect of underground heat is well 
exemplified near Birmingham, where tunnels run under the fields, for there 
groundsell, daisies, chickweed and gorse were in full flower on January 17th, 
although the first and third were not seen elsewhere until February 8th, and the 
second and fourth not yet seen here. Hodsock (D.). No Catkins in flower on 
Hazel until two days after the first fertile flowers. Do not find that much injury 
has been done by the firost. The evergreens have not suffered except a few shoots 
of Bay and Escallonia. Most of the wallflowers are killed. Hitchin (E.). 28th. 
Vegetation in the woods very backward — ^no primroses, no violets, no celandine. 
Tacolnestan (E.). 28th. liesser Celandine in flower. Giggleswick (F.)« Field- 
fares and redwings appeared in exceptionally large numbers during the past 
winter, the former fared well on the large store of berries, but of the latter many 
died. Wild-geese and an unusual number of wild-ducks frequented the Ribble 
during the frost. Orry's Dale (P.). 28th. Violets flowering prpfusely owing 
to dry winter. Dalshangan (H.). 7th. Curlew heard. 24th. Crocus in flower. 
Driffield (I.). The complete disappearance during the winter, through birds, of 
all kinds of berries, including hawthorn, cotoneaster and wild rose, was remark- 
able. Some song-thrushes and a redwing and fieldfare found dead near the 
house. East Layton (I,). Brocoli has scarcely been injured at all here, but at 
Darlington the plants were all killed. Durham (I.). During the winter frosts 
wild-dacks were plentiful, and I saw several wild-geese. 

The Spring. 

We have seen that during the winter the weather was colder in England 
than in either Ireland or Scotland. During the Spring months, however, 
these conditions were reversed, although in not nearly so marked a degree. 
As compared with their respective averages, the mean temperatures wore 
rather lower in Scotland than in Ireland, and rather lower in Ireland than in 
England, the mean defect for the British Isles amounting to about 2^-5. Not 
only was this Spring quarter a cold one, but it was also dry and sunless. 

Vegetation was everywhere singularly backward. Trees were late in 
coming into leaf, fruit trees were late in blossoming, while all farm and 
garden crops made but little growth. On March 9th and 10th there occurred 
in the South-west of England a severe snowstorm and gale. The loss of 
sheep and lambs in the snowdrifts is said to have been very great, while 
much damage was done in the orchards by the violence of the wind. During 
April the scarcity of keep for cattle and sheep was almost everywhere greatly 
felt, also the absence of green vegetables in the gardens. In the early part 
of the month the arrival on the East Coast of our ordinary Spring visitors, 
snch as the whoatear, swallow and cuckoo, was somewhat delayed by the 
inclemency of the weather. 

In May the show of blossom on fruit trees of all kinds was remarkably 
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fine, ad^ed to which apples, pears, plumB aa<l cherries come for osce into 
fuU flower at the some time. Su satisfitctorily had the shoots of the trees 
become ripened during the priviuns Autuma, and bo late was the flowering 
scaBon, that the prospect of a good fruit year appeared, at one time, every- 
where most promising. Unhappily, at Whitsuntide, there occurred a very 
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Bevere frost, in many districts preceded by snow, which destroyed a great 
part of the frnit blossom, and to a certain extent frustrated these glowing 
prospects. Very few places appear to have entirely escaped this frost. In 
the North of England, however, and more particnlarly in Yorkshire, where 
it wag most keenly felt, the yonng leaves of the beech were completely killed, 
while potatoes and strawherries also suffered severely. The Coltsfoot proved 
late in showing flower throaghont the whole country, bat the departures 
from the mean are very irregolar. During April the flowering of plants was 
more backward than at any other period of the year, the Wood Anemone and 
Blackthorn being as mach as from three weeks to a month late in nearly all 
districts. In May the differences were not eo great, the Qarlic Hodge Mus- 
tard, Horsechestnut and Hawthorn coming info blossom in most places from 
a week to a fortnight later than the average. 

Observer)' Notet. 
MabCH , — Marazion (A.). The frosta of the past winter killed many plants of 
Brocoli. Liikeard (A.). The great blizzard of March 10th, 11th and 12th left 
anow on the ground for several weeka, and checked vegetation and the appear- 
ance of insecta. Bodmin, Cornwuli (A.)- 9th and 10th. Large nnmbers of 
aheep and lambs were bnried by the snow and many died, and in tlia colder dis- 
tricta near the moora the loasea of sheejj, cattle and colta were heavy. — R. S. 
Olver, in BelVi Weekly Meiaeager. Plymptnn, Devon (A.). 9th and 10th. Very 
great damage to oreharda, and a groat number of aheep have died during the 
anowatorm. — W. P. Vocper, in BeWf Weekly Memenger. Babhacombe (A.)- 
The weight of anow and the tremendous gale of the 9th and 10th threw down 
and broke a large number of trees and ahmbs. Tavitloch, Devon (A.). Winter 
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Oats all destroyeii, rIso a large proportion of turnipi and gwedea. Wheat lookiag 
very thin and the plant viesk. — R. Bickic, in BelFi Weekly Mettettger. Sgdcot 
(A.)- The ploughed land was never in better condition owin^ to the long 
continued frost and dronght, Clifton (A.)- The abundance of the early spring 
I^pidoptera was very marked after the eevcru winter ; tending to show the 
hArmlessnew of intense cold on- their piipw, which same cold played such havoc 
with their natural enemies, the inBeclivoroiia birds. Mimmmlh (A.). !tt!i and 

10th. The suowstonn caused very aerious lofses among the ewes and laraba. 

R. Strallon, in BelV» WeAly Mesteagtr. Si. J.).,rU'x (A.). 23rd. Wlieatear 
fintt eeea. WUklav. (B,). A naaturtium has lived out all the wtuter in a window- 
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box facing North. Buchhom Weston (0.)- ^i^^* '^he meadows are as dried up 
mnd barren as in December. Pennington (0.)* ^^^b. Peach and nectarine in 
blossom — 26 days later than in 1890. Basingfield^ Hants (CO- ^^h* 1 &ii^ ^^r 
within the mark when I say that nine-tenths of the thrushes, blackbirds, hedge- 
sparrows, tits and wrens perished during the past winter. Tne song of a thrush 
or blackbird is here now a marvel to be noted) last year they swarmed at this 
time. The larks and robins did better than other small birds.—J. Salter, 
Quarterly Record of Royal Botanic Society, Lynsted (0.)* The keep for cattle 
nnnsaally short owing to destruction of root- crops. Cranleigh (0.). The follow- 
ing shrubs were most injured by the frosts of the winter — Laurel (rotundLTolia), 
Liaiinistinus, Euonymus and gorse-garden Brocoli suffered severely, and strange 
to say the leaves of the strawberry were all killed to the ground leveL Denton 
(O.)- The winter frosts have killed a myrtle which has been in the ffround for 
oyer 20 years. Thrashes are not nearly so numerous as usual. Whitchuroh (O.)* 
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TABLE v.— EsxiacATED Yield of Farm Cbops in 189 i. 



Desoription of Crop. 



} 



Wheat 

Barley 

Oatfl 

Com Harvest began, 
average Date . . . 
Beans 

X caB •••• •••••••••■••■• 

Potatoes 

Turnips 

Mangolds 

Hay .... 



England. 



SW. 



.. •••.•••••• 



••••*.••••... 



...•••tt*.. 



{ 



1 27.0. A. 
57oO.Av. 
37oO.Av. 

231 
(Aug. 19) 

U. Av. 

U. Ay. 

O. Av. 
Av. 

O. Av. 

U. Av. 



0. 

s. 



Desoription of Crop. 



Wheat 

Barley 

Oats 

Com Harvest began, 

average Date 

Beans . 
Peas ... 
Potatoes 
Turnips 
Mangolds 

Hay ... 



....•I... ..•••• 



} 



87oO.Av. 

Av. 

37oO.Av. 

226 I 

(Aug. 14) 

U. Av. 

O. Av. 

0. Av. 

Av. 

Av. 

Much 

U. Av. 



D. 

Mid. 



87oOJLv. 
Av. 

27^0jlV. 

236 I 
(Aug. 24) 
U. Av. 
U.Av. 

Av. 

U.Av. 

U.Av. 

Much 

U.Av. 



B. 



77oO.Av. 

Av 
47oU.Av. 
I 229 
(Aug. 17) 

U.Av. 

U.Av. 
Av. 

U.Av. 

U.Av. 

U.Av. 



P. 
NW. 



1075OA. 

67-OJLv. 

(Aug. 23) 

Av. 

Av. 

Av. 

Av. 

U.Av. 

Much 

U.Av. 




Scotland. 



H. 

W. 






I 



io7oOA. 

Av. 
Av. 

(Aug. 31) 
O. Av. 
O. Av. 
0. At. 
0. Av. 
U.Av. 
Much 
U.Av. 



J. 

E. 



X. 

N. 



i7oOAv. 1175O.A, 

Av. -° 
Av. 

247 

(Sep. 4) 
U.Av. 



Av. 
O. Av. 
U.Av. 

Av. 

U.Av. 



97oS.Av. 

Av. 

257 

(Sep. 14) 

O.Av. 



Av. 

U.Av. 

Av. 



Ireland. 



B. and 

SdrN. 



British 
Isles. 



O.Av. 
O. Av. 
O.Av. 
232 



Av. 

• • 
O.Av. 

Av. 
O.Av. 



O.Av. 

Av. 

0. Av. 

238 



U. Av. I U. Av. 



(Aug. 20) (Aog. 26) 
U. Av. 
Av. 
O.Av. 
U.Av. 
Av. 
Much 
U.Av. 




Symbols :— O. « Over. U. « Under. Av. = Avenge. 

The variations from the average relating to Wheat, Barley and Oats have been ob- 
tained from the Agricultural Produce StatUHa issued by the Board of Agriooltnre, 
but those for the other crops from Betums which appeared in the Afriadtmrtti 

OOMCtU. 



In spite of the prolonged frost shrubs have suffered but little. I attribute the 
little damage to the steady hold of the frost from December 8th to January 2&rd, 
and there being little or no sun. All Brocoli and Cauliflowers destroyed. Berk- 
hamded (D.). When pruning Hybrid Perpetual Roses they were found to be 
uninjured by frost. 1st. First frog-spawn. Churehstoke (IX). 3rd. Prog- 
spawn first seen. WaUall (D.). 26th. Crocuses ready to open at end of Feb- 
ruary, have only now expanded their petals. Beeston Q),). 18th. Pied Wag- 
tails' first Been. Hodsocfe (D.)* Only such delicate shrubs as Escallonia and 
Bay suffered at all from the winter frosts. Harrogate (D.). Privet denuded of 
its leaves by frost. Common laurel in many places killed to the ground. Aucubas 
have also sufiered severely. Wryde (E.)* Land in splendid order for spring 
sowing. Tynron (H.). 8th. Snow a foot deep. The wood pigeons afterwards 
became so tame that they entered the cott^ gardens and ate the plants of 
green colewort. Helensburgh (H.)- Ist. Snoots on Roses two inches long. 
30th. Heard a lark for the first time. Thirsk (I.). Primroses which were out 
in the middle of February have been destroyed by the recent frosts. Durham 
(I.). 20th. Rooks busy building. Inverbroom (KJ. Eoses and Veronicas 
were in many places killed by frost. 

April.— SySco* (A.). 4th. Cowslip first in flower. Buekham Weston 
(OJ. 7th, until the l<ist two days the country has looked as desolate as if it 
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TABLB VI.- 


-ESTIMATXD YlKLD 


OP Fbuit Crops in 


1891. 




Desoription of Crop. 


England. 


A. 

SW. 


0. 

s. 


D. 

Mid. 


E. 

E. 


F. 

NW. 


I. 

NE. 


Apples 

Pears , 

Plums 

Baspberries 

Gnrrants 

Qoosebezries • • 

Strawberries 


U.Av. 
Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U.Av. 

Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U.Av. 
U.Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


Av. 

Av. 

Av. 
0. Av. 

Av. 

Av. 
0. Av. 


U.Av. 
U.Av. 
U. Av. 
0. Av. 
U.Av. 
U.Av. 
0. Av. 


U.Av. 
U.Av. 
U.Av. 
U.Av. 
U.Av. 
U.Av. 
0. Av. 


Description of Crop. 




Scotland. 


1 


Ireland. 


British 
Isles. 


H. 

W. 


J. 

E. 


N. 


B. and 

a. 

SdsN. 


AddIss 


U.Av. 
U.Av. 
U.Av. 
0. Av. 
U.Av. 

Av. 

Av. 


U.Av. 
U.Av. 
U.Av. 

Av. 

Av. 

Av. 

Av. 


U.Av. 
U.Av. 

Ay. 
0. Av. 

Av. 

Av. 


j^ani 


Plams ............ T - r T •• 1 1 • - r t 


Baspberries ., .* 




CKweebories* • ••••••••t»»« 




0. Av. 



Symbols : — O. = Over. U. = Under. A v. = Average, 

This Table has been compiled from Betoms which appeared in the [Oardenen* 
Ohrmdele and tiu Qardm. 



were December — ^no daisies even in bloom. Pennimion (0.). Trees and all 
vegeta^on very backward. Very great scarcity of rood for cattle and sheep 
owmg to the grass growing so slowly, and the roots having rotted. Birds late in 
nestinff. No flowers for Easter. 18th. Wryneck first seen and heard. 21 sit. 
Ohiff-diaff and White-throat first heard. Wild Gooseberry in flower — ^57 days 
liUter than in 1890. Strathfield Turgisa (0.). Nightingales more numerous than 
asaal. Cuckoos rather scarce. Swallows very scarce and Martins up to M^ 
Slat Butterflies of all kinds exceedingly scarce. fVhitchwrch (Q,), 6th. Sana- 
martin first seen. 30th. Wild cheiry in flower. Henley-on-Thames (0.)* The 
Nii^btingale and Cuckoo rather late in makins their appearance in this distridt. 
ChdUkham 0).). 5th. Chiff-chaff first heard. 26th. Almond only now fiil)y 
out. St. Alhane (D.)* Nightingales are unusually abundant with us this ve^r. 
They are still in song (June 16th). Northampton (D.)* Have frequently mui^d 
Hawthorn in flower before the date on which the Blackthorn blossomed tMs 
Tear. Churchitoke (D.). 2drd. House-martin first seen. Thurcaaion (Di). 
vegetables very scarce, all but Brussels sprouts have been killed by frost. 
Enonymus killea outright. Beeston (D.). ISth. Willow- wren first seen. 15tp. 
Oais which were sown on March 6th only just appearing above ground. Harr*0' 
gai^ (D.). 26th. At Harlow Hill, 600 feet above sea level, male and female 
flowers of Hazel still immature. Tacolne$ton (E.)* 30th. A few beeches, horse 
chestnuts and sycamores are out here and there, but on a ^enerid and distant 
Tiew the country appears as brown and leafless as in mid-wmter, so far as the 
trees and hedges are concerned. Helensburgh (H.). 8th. Gooseberry first in 
flower. 19th. Saw a small common tortoiseshell butterfly. Ulceby, Lincoln (J.). 
Raw, damp and sunless, with strong North-easterly winds and occasional showers 
of cold ram and hail between Ist and 10th ; also cold from 10th to 20th. All 
this abnormal low temperature delayed the arrival of the ordinaryspring visitors. 
Wlieatears were not seen before the 10th at Spurn. 27th. Wind backed to 
SouUi-west, and the next morning Cuckoos were to be seen all over the country. 
—J. Cordeanx, in Zoologiit, Ehtrham (L). I6th. Sand-martin first seen. 28tn. 
WiUpv-wren first seen. Bingfield (I.). Very dry, pastures quite brown. 
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OS THK PWflsm/WaCJLL Oi 



1891. 



TABLE TIL 



AmoznuxB Tamaxxcsu rButv 



1^99-91. 



Montiii* 



Eng. Ire. Eog. 
8W. S. & 



Mid. £. KW. H. W. N.S. E. N. 



I 

— 4"o — 1'5 — 4*t 
-(-<r5 +1*8 ^^S 



.! 



o 



t- 



— 8-f — 9"x — 6-f — 31 — 2-4; — 4-6 — 1-6. — I* 
— j-S — 4-8 — 1'5 — x^ — i«o* — 3-0 — i-j' — I' 
+0-5 -<r5 +25 +2-t +»-t, +TO +yt. +45 



Winter ... !— S'S;— 1"5,— 4*9 



—40 



-« -2-5 



•S 



—2-2 



3j+«7 



> 



Jamiaiy 



• • • 

• • • 



Winter ... 



Ini. Ins. Ini. 
— 1*8 — cr6, ^-0-9 

— 3*1 — 3'o. — 2*1 



Ins. Ini. ! Ins. . 
— »'4 — 2-2' — 2'8 



—1*5 —2-7 —17 — 



— o'4 o^ — i^ — 1*2 — 



— ^2-0 — 1-6: — 2-2 — z'x — 1-4. ^l"6' — 



1*2 

*"3 



.2-7 
•34 



.?. 



.1-8 

'1*2 

1-8 



—5-4— S'lj— 2-9 — , 



-4*8 — 3-8: — 6-o' — 5*0' —7-5 
! I ! '• 



•8 



Ins. 
— 3-1 

o*o 

+•03 



•8 



Sunshine. 



hrs. 
Deeember .... — 22 
Jsnnaiy . . . . ; -I-20 
¥€hnuaj .....+57 



Winter ....i+55 



I 
hrs. ' hrs 



+" 






+66 



bin. I lin. hrs. hrs. hrs. 

— 29 — M — 13 J. I _»4 
-).xi .f t8 4.16 jXiS J.14 



+4S 



+3* 



+18 
+38 



+34 



+4> 



+*sj+j»;— s 



his. 

—SI 

±" 
+35 



+»S 



his- 

-34 ! +5 

+ *;— « 



+»3 



— »3 



+» 



+« 



Spring 1891. 
T^mperfttiire. 



Biarcb 

Aprfl • 



Spring 



o 

-»-5 
.1-6 

.2-3 



— I'l 



.1-6 
-3-3 



o 

— a*3 
—2-6 

—2-3 



— 1*6; — 2*4 



o 
•2'0 

.30 



0-8 
2-8 
-2-8 



— 2'5; — 2*1 



o 
•2'o! 



o 

•»-5 

2*6 

—2-5; — 3-0 



— 2*0 



— 2'4 — 1'7, — 2*4 



,?8 
-2-8 

"3*oi 



—2-5 



o 

■*-5 
-3-0 

-2*8 



-2-8 



o 

-3-8 
—2-8 
—2-3 



—30 



Bain. 



March 
April . 
Mjiy . 



Ins. Ins. 
— 0-4 —1-4 
— 06, —04 
+0-4 +0-6 



Spring ,,..|— o'6 — 1*2 



Ins. 
+08 

— 1*2 

+07 



Ins. 

— 0-4I 

+0-6 



+0-3 



+0*1 



Ins. 

— ©'2 

— 0-8 
+07 



>'3 



Ins. 
— o*9 
— 0*3 
— o*a 



—1-4 



Ins. 


Ins. 


Ins. 


Ins. 


— o*i +0'I 


+05 +05 


— O'l — I'l 


-05 — 0-5 


+0'2 


-0-9 

— 2'0 

1 


+0-3 


—O'l 


O'O 


+0-3 


—O'l 



Ins. 
4-1 •© 
—1-6 
—©•I 



»7 



Sunshine. 



March 

April 

May 



•••*.... 



••.•••• 



Spring 



hrs. 
—20 
—II 

— 3 



—34 



hrs. 

+17 

—IS 

—II 



hrs. 
—24 

— 5 

— 7 



— 9 



-36 



hrs. 
—18 

—17 
—18 



hrs. : hrs. 

— 7 
-38 

—32 



—53 1 —n 



— 2 
— 20 

—34 
-56 



hrs. 

+»3 
— 10 

— 7 



+ 6 



hrs. 

t20 
10 

— 7 
+»3 



hrs. 

+ 4 
— I 

—23 



—10 



hrs. 

u 

— 8 



+ 4 



hrs. 



+33 



+ iiuUMtoa aboT* the aTenB«> '— b«low it. 
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TABLE VII. 
Yabutionb fbom the Average — Continued, 

Summer 1891. 
Temperature. 



Months. 



Jnne 

July 

AoguBt 



Eng. 
SW. 



Sninmer 



+i*o 

— 1*2 

—2-3 



•8 



Ire. 
S. 



+1-5 
— 0-8 

—1-8 



— 04 



Eng. 
S. 



Eng. 
Mid. 



+0-5 +<?8 



Eng. I Eng. 
E. NW. 



— 1'4 

— 2'0 



— I'O 



—1*4 
—1-8 

— 0-8 



00 
o'o; 4"'*o 
— 0-8 



— 1-4 
— 1'8 

— I'l 



-1-3 



Ire. 

N. 



o 
4-2*0 

— 0'2 

-0-8 



Soot. 

w. 



— 0*4 +o*3 



+»'5 

^-0*2 
— 05 



Eng. 

NE. 



o 

-0-8 



Scot. 
E. 



Scot. 

N. 



-I-0-6 



-o'3 
— 0'2 +0-8 



—1-8 



i'S 



— 0-5 



O'O 



4-i*o 

4-0'2 
—0-5 



4-0*2 



Bain. 



June ., 
July .. 
August 



Buinniei 



Ins. 

— O'l 

4-o'i 
4.29 



+2-9 



Ins. 

+04 
— o'6 

+23 



+2*1 



Ins. 
— 0-4 
o»o 
+2-4 



Ins. 

-|-0'2 

— o'6 
+1-4 



+ 2'0 +I*0| 



Ins. 
— 0-4 
o*6 
6 



toM 



+r8 



Ins. 
+0-3 



>*2 



+2-8 



+2-9 



Ins. 
— I'l 

— o'7 

+2'2 

+o'4 



Ins. Ins. 

— 1*6 — I'l 

— 2*3'4-0'2 

+i*3|+i-4 



— 2*6|4-o'S 



Ins. I Ids. 
— 1'6 — I'l 
4-o*i'-j-i*i 
+1-4 +10 



— O'l 



+1*0 



Sunshine. 



June 

vUiy ....••CI 

Angost • 



Summer 



hn. 

—14 
+ 3 

—37 



hn. 

+ 7 
—18 

—37 


hn. 

ti 

-30 

— I 


hn. 
—35 


hn. 

— *4 
-48 

— 3» 


hrs. 

+ « 
-19 

-46 


taiB. 

-.^27 


hn. 

-»5 
—II 


hn. 

—18 
—44 

—49 


hn. 

7 
—29 

—34 
—70 


-48 


—52 —104 


-64 


— II 



hrs. 

+56 
—51 

—15 



— 10 



Autumn 1891. 
Tempentnre. 



September . . 

October 

Noyember .... 



+0-6 

O'O 

— o'8 

— O'l 


4.o'8 

— »'3 
— a*5 

+10 



+1-4 
-a'3 

O'O 

+11 




+1-4 
+0-5 

—0-5 


+»-8 
-0-3 




4-2'2 
+0'S 

— o'8 
+0'6 




+ 1*6 -j-I'2 

— 1'3 +o'3 
-I'S -o'S 



4.i'6 

+o'5 

— o'3 


+ 1-4 

O'O 

-0-5 


Antmnn 


+0-5 


+.-. 


~o-4 


+0*3 


+o'6 


+o'3 



t 



o 

I "4 
i*o 

— o'3 
+o'4 



Bain. 



September . 

October 

Kovember . . . 



Aotnmn 



Ins. 

— o'3 

+3*7 

— 0*2 



-f3-2 



Ins. 
— 0*2 

+»-5 

— 0'2 



Ins. 
>'9 



Ins. 
— I'l 



+3-9,+a*6 +1- 
-|-o'2;-fo'i|— o' 



Ins. 

— 1*2 

5 
5 



4-2'l|+3*2 -{-I'S — 0*2 



Ins. 
+09 

+o*3 
+04 

+1-6 



Ins. 



Ins. 



O'O +2*9 



+ I'0 

— 0-7 



+0-3 



4-2'2 
— 0'2 



+4*9 



Ins. 
-o'6 

O'O 
— 0*2;— O'l 



Ins. 

+ 1-4 
-|-o*i 



-0-8, 4.1-4 



Ins. 

4-2'2 
— 0'2 

— o'9 



Bonshme. 



1 



September.. .. 

October 

November .... 


hn. 

- 6 
4.18 

— 3 
+ 9 


hrs. 

ft 

— 3 

+57 





hn. I hrs. 
4-16 ; 4-20 



hrs. hrs. 



—10 



-67 

9I+ 9i+H ;+" 

I I — 13 — 20 — 20 



4.26 I 4-16 j— 73 



— 8 



hrs. hrs. hrs. 

4-26 — II 4-'* 

4-46 4-27 I 4- 4 

— 7 — II — 10 



+65 4- 5I+ 6 




+ 6,-25 



The above Table has been compile d from the variations from the mean given in the 
Wethiif WmOm RtpcrU iaiaed by the Meteorological Office. 
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May.— W'«:. ^A, *-^li.r i:- the frvfi* of ibt IGtb and 18th gocwcberries 
»t3 j-t-kTs fcTt }jirr :- ibt" p-orui bv himdreds. CZ^on (A.)- The small 
vLii* I'-ritrfT 'iid'nci bec-'.^at acTiiaIIj coseboo until the lllh of Mav— tn 
imiiFiiAliT Iku'dau, Pt^r-TA (A.»- InMCt* hare been acaree nntU neariy the 




Lo Uave? r^bovicg cpoc ibt fc&h. and c^Jv coming out on the oak. The Haw 
ihom hat reiT littlt flower npic i: tbi* vear. B»<-£Aoni ITetfOH (CL)- 15th-17th. 
IleavT Lail-f>i^ rm*. which .inr.agfd the' joisnz learea a good deaL 17th. A 
KTcre frc-si w:icb cz: c5tT£2 mc-rt. Pouioes were qmte kUled. PenningkM 
{CX 17th. Walncts and other frzdt tr«es. also stravbeniea and potatoes, in- 
jnred bv fro*:. C«j »./«■:•*-> C.» Tm blossom on tiie fruit tree* was rcmiik- 
ablr al-lindar.:. The (Inm. (itar, cbeiry and earlv flowering apples were all to 
lie seen in blo&Kir &t thr same time.* Ecft Jilietef id). Horse-chestnat in 
Bu^hey Park not fnl^j out until the 23ri. Ilawthom onlv folly oat on the 30th. 
ITf './Vy-^.-rAaB»€# ,C!^ In the wxrm spelL Mav 9th-l4tli, wasps came out in 
large "ncnilx-r?, but on:ht return of ccli on :bt I'Sib there were none to be seen. 
The well* ic the Chalk art verv low indeei. Thr nesting of rooks and other 
birds tCMitk place abc-n: the ns^al date. Gnat Bamngion (D.U 20th. Swift 
firs; seen. Blossom on apple and cr&b trees verv abnc&it. BerkkamMted (D.)- 
Eigb.t f»er cent, of mv Tea rofrcs have been killed by frost. JA'rcA, Hereford (D-). 
Many Tea roses bc'ih" dwarf and stan !ards have been killed outright by the frosts 
of tiie past wiDier and spring. Of ih-. dwarfs, several hundred planta were cut 
down to the grc'und level. Htighx aVove sea 550 feet — Kev. F. R- Bumside. 
Btf^hm (D,K 4th. Landrail nrsi heard. 12th. Turtle Dove first heard. 17th. 
Potatoes blackened. £?'.iV.v?. iD.>. 3nL A few green leaves on sycamores 
and birches, bat beech and elm loc>k as black as in winter. Jfacclesfield (D,)* 
19th. Sharp frost which destroyed a great deal of fruit blossom and many 
potatoes and other tender plants.' Be. ton tD.>. 19th. Eariv apple and plum 
blossom damaged by frost. Asparagcs received a severe cheek, and for ten days 
did not grow at all." H.trro^jate (D.). The foliage of the beech, which is about 
half grown, is in many instances shrivelled as if it had been scorched by fire. 
11th. Fieldfares still" here in large flocks. 16th. Nightingale heard atThorn- 
ton-le-Moor. in the N. Riding of Yorkshire. This is "mentioned because it is, 
I believe, the onlv well authenticated instance of this bird being heard in song 
so far North. 17th and ISth. The frosts of these two nights, coming when all 
foliage was wet with melted snow, did great damage to vegetation. Swallows 
and Martins perished in manv oi the streams during the heavy fall of snow. 
Tacolneston (1). 18th. Walnut leaves killed l»v frost and snow. Wryde (R.). 
19th. The peas in some places have been killed down to the ground, also the 
young maneolds. Claughton (P.). 17th. Heavy and frequent snow and hail- 
showers and very sharp frost at night, which cut down potatoes, and did a great 
deal of damage to gooseberries, etc. Settle (P.). Leaves of the beech com- 
pletely shrivelled and brown since the frost of the 16th. Egrewtont (P.). 17th. 
This frost did great damage to vegetation. I observe that all potatoes which 
face the east have been entirely spoilt, while those facing the west have escaped 
injury-. Again on the east side of tree> the leaves are all black and withered 
and have fallen off ; but on the west side they remained uninjured. Antrim 
(G.). Nearly all the early planted potatoes have been cut down by frost, 17th. 
There was a heavy fall of snow which not only bore down flowering plants, but 
laid beds of rhubarb level with the ground, an5 in manv cases severed the stems 
from the roots. Tynron (H,). 10th. Landrail first heard. Driffield (L). 18th. 
10^ of frost in screen, and 20^ on grass. The ash (just opening) and beech 
leaves (fully out) were completely blackened and destroyed. The larches, syca- 
mores, maples, horse and Spanish chestnuts were considerably damaged. The 
greater part of the fruit buds open and unopened of the strawberry, plum, pear, 
cherry and apple are dead in the centre, and only a very few of the late blossoms 
have escaped injury. 27th. Landrail first heard. Stairley, York's, W. JiUUng 
(I.). Writing a month after the event (June 17th), the damage caused by the 
frost and snow in May has become apparent. It is sad to mark the havoc that 
has been wrought among the fruit and garden crops, and to see the blighted 
foliage — brown as in autumn, of the beech. A portion of the foliage of the 
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horse-chestnut and the larch appears as if scorched by a sudden blast. The 
walnut trees, standing up among the summer foliage of the sycamore und horn- 
beam, still as bare and gaunt as when held in the grip of winter, lend a weird 
look to the landscape. In the hedgerow the privet and bramble have suffered, 
and the flower buds of the Rowan-tree, laburnum and sycamore have fallen un- 
opened.— Rev. E. P. Knubley, in Naturalist. Thirsk (I.). 18th. The foliage 
01 the beech and horse-chestnut which was just opening much injured by frost. 
Boston Spa^ Lincoln (I,). I have been a grower of ferns for 30 years, and never 
knew our out-of-door native species suffer as much as they did in the frost at the 
end of May this year. — J. Emmet, in Naturalist, Durham (I.). 13th. Land- 
rail first heard. 15th. Swift first seen. 19th. Recent frosts have done much 
damage to fruit blossoms. Binqfield (I.). 17th. Potatoes blackened and cherry 
blossom damaged. Inverbroom (E,). 2nd. Wheatear first seen. 

The Summer, 

Juno was, if anything, rather a warm, dry and sunny month in nearly all 
districts, while July and August on the other hand proved cold, wet and 
sunless. Taking the three months together, the mean temperature was 
about 1^ below the average in England, about the average warmth in Ireland, 
and slightly above it in Scotland. But as was the case in the spring, thero 
was a marked deficiency of bright sunshine in nearly all parts of the British 
Isles. Towards the end of June haymaking began in the earliest districts, 
but, owing to the frequent rains of the two following months, a small crop 
was in most places harvested with great dificulty, and in inferior condition. 
The summer fruits were fairly abundant, with tho exception of black cur- 
rants, but all were deficient in flavour. lu some localities trees and shrubs 
suffered much owing to the dryness of the subsoil. During June insects 
were tolerably numerous, but after this comparatively few were to be seen. 
Butterflies were almost everywhere very scarce. Caterpillars affecting fruit 
trees proved far less destructive than in recent years. In June tho Dog- 
rose was almost everywhere about a fortnight lato in coming into blossom. 
During July, the nearest approach to the normal dates of flowering seem to 
have been reached in nearly all the districts, the departures from tho mean 
in many localities varying only from a few days to about a week late. 

Observers* Notes, 

JVJUE.'-Babhacomhe (A.). 22nd. Haymaking began. Penarth (A.). In- 
sects plentiful during this month, and also in the spring, but not nearly so 
numerous afterwards. Pennington (C). 27th. Field-rose in flower. Bees 
backward in swarming. IStrathjield Turgiss (C.). Everything backward. Dog- 
rose extraordinarily fine. Oxford (D.J. Bloom on horse-chestnut unusually 
abundant. Great Barrington (D.). 1st. Peacock butterfly seen. 3rd. First 
swarm of bees. Cheltenham (D.). Wild flowers bloomed in great profusion. 
Berkhamsted (D.). 16th. Rosa Hibeniica in flower— later than in any of the 
previous five years. Harrogate (D.). 1st. Night jar first heard. The cuckoo 
and landrail not nearly as numerous as usual. Lexden (E.). Nightingale singing 
as late as the 26th. Driffield (I.). 28th. Beech trees made a second growth 

of leaves. 

July. — Marazion (A.). Butterflies have been veiy scarce this summer. Bah- 
baeombe (A.). 16th. Haymaking generally finished. WicMow (B.). Almost 
a plague of snails in the gardens. During the last three weeks of this month we 
were obliged to water our garden frequently, or many of the shrubs would have 
suffered. Here there has been quite a plague of woodlice. Whitchurch Ctiurmi- 
earum (0,). We have noticed a great quantity of double wild flowers this year, 
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principally buttercups, cuckoo flower, tormentil, daffodil and lesser celandine, 
also pale shades ana white in many flowers of usually decided colour. Pe/ming- 
ton (O* Scarcely any com cut by end of month. Strathfidd Turgits (O-)* 
Here it iiiiglit be saia that no butterflies at all had been seen this summer. 
Addles tone (C). 5th. Wild strawberries ripe. Greai Barrington (D.)* Turnip 
fly very numerous during latter part of June and early in July. CheUenham (D-)* 
Absence of sun and the quantity of rain have spoilt the fruit crop, which is sour, 
watery and flavourless. BeesUm (D.)* 4th. Hay first cut, qute a fortni^t 
later than usual. Hodtoeh (D.)- 3ra. Black currants are an entire failure mm 
spring frosts. Idth. First com cut Belton (D.)- 8th. Violent hailstorm- 
flowers and leaves torn to shreds and much firuit knocked off. Harrogate (D.). 
12th. Cuckoo last heard. SproughUn (EL)- Swallows have been more numerous 
than usual this year. Chester (F.). Female wasps unusually abundant early in 
the season, but owing to the excessive wet few were to be seen at the end of 
July. A late season and insects generally scarce, dauahtan (F.). Hay was 
well got in early in July. Driffield (J.). The severe frosts at Whitsuntide 
destroyed fuller a fortnight's crop of strawberries. First strawberries gathered 
July Ist, or mne days later than the average of the previous nine years, and 
twenty-two days later than in the previous year. Hay crop spoilt by drought 
and now by wet. 

AuGUSi!,'~Babbacombe (A.). 15th. Oats first cut. Sydeot (A,). 24th. 
Autumn crocus in flower. Femningtan (C). 13th. Wheat and sprine oats first 
cut. 17th. Last nightjar heard. 31st. Last swift seen. SiratkfieSi Turgia 
(C). August has been the coldest and wettest on record at this station tor more 
than 30 years. Wasps very scarce. HenUy tm-Thamee (0.)- 29th. Saw two 
cuckoos flying across the river. Chdtekkam (D.)- 8th. I noticed much hay 
still out. Beckford (D.)* At least four bushels to the acre of wheat have been 
blown out by the hi^h winds. Barley stained by wet MmceU^fidd (D.). At 
many (arms on the hills the hay crop nas been almost ruined. There have been 
but few caterpillars and aohides during; the summer. Small fruits did not rq>en 
well. Harrogate (D.)- Lime flowermg sparingly. 30th. ¥mi ripe buMck* 
berries. 

The Autumn. 

The cold and wet of Aogost was contiaaed into September, bat after the 
first week came ten days of beaatifolly fine and hot sommerlike weather, 
which was greatly welcomed by the farmers, and enabled them to get in a 
large area of com in good condition. After this, however, there was a re- 
torn to frequent rains and high winds, which lasted until nearly the close of 
the following month. So that eyen as late as the end of October harvest 
was not over in some of the northern counties of Elngland. The aatomn 
proved on the whole moderately warm, and as it was also excessiyely wet, 
the trees retained their foliage to a much later period than osoal. The 
autumn tints were as a rule poor, and lasted but a short time, and in many 
cases the leaves became shrivelled by cold winds instead of gradually chang- 
ing colour. Owing to the saturated condition of the soil, aU seasonable 
fanning operations were greatly in arrear, and on some heavy lands the sow* 
ing of autumn wheat could not be proceeded with at aU. As is usually the 
case in wet seasons, the root crops continued to make steady progress. Not- 
withstanding the heavy rains there appears to have been a pingnlfty absence 
of potato disease in aU parts of the country. The tubers of the early varie- 
ties, however, came small, oyring to the injury done to the haulm by the May 
frosts. The ivy flowered in most of the districts during October, and taking 
the British Isles as a whole, was more than a fortnight later than the average 
in opening its petalst 
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Observers* Notes, 

September. — Babbacombe (A). 29th. Harvest finished. Pennington (C). 
12th. Harvest finished. Fruit lacking flavoor. Bees swarmed late and made 
but little honey. Oxford (D.). 9th. Swift last seen. Cheltmham (D.). All 
fruits are insipid and watery. Hodsock (D.). 24th. Harvest finished. Maccles- 
field (D.). Ist. Oats in many places are still quite green and badly laid with 
the rain and wind. Harrogate (D.). 2nd. Oats first cut. 8th. Swifts last 
sees. 19th. Autumn crocus in flower. Durham (I.). Second blooms on wild 
flowers were common. 

October. — Wichlow (B.). The foliage of trees remained perfectly green until 
the storm of the 5th. Berkhamsted (D.). 31st. Dahlias killed by frost. 
Rotherby (DJ. 31st. Dahlias killed. Hodsock (D.). Autumn tints not good 
this year. Trees only changed colour late in the month. Harrogate (D.). 21st. 
Fieldfares and redwings arriving in large numbers. 28th. Beech, lime, horse- 
chestnut and elm defoliated. Sproughton (E,). Most swallows left on the 25th. 
Hden$burgh (H.)- Foliage of trees shrivelled by cold high winds. Thirsk (I.). 
19th. The leaves of trees have as yet hardly changed colour, and very few 
have been shed. 

November. — Babbacombe (A.). 11th. Most trees defoliated. 19tli. Field 
Elm and Hawthorn defoliated. 28th. Oaks defoliated. Wicklow (B.). 22nd. 
Dahlias killed. Pennington (C.)* 8th. Dahlias killed by frost. Canterbury 
(0.). Many elms, oaks, ashes and maples held their leaves till the 25th. Salis- 
burjf (0.)- The swallow tribe reappeared here in considerable numbers. North- 
ampton (D.). House-martins seen up to 19th. Rotherby (D.). 20th. Trees 
nearly stripped of their leaves. Beeston (D.). The leaves remained on the 
trees till late this year. Lexden (E.). 19th. Several martins seen. Tacol- 
neston (B.). 7th. Thirty-seven different wild flowers were gathered by the 
roadside. 24th. Many oaks and elms still in full leaf although brown. 
Claughion (FJ- 12th. Nearly all the leaves blown off the trees. Ulceby 
(I,). 8th. I saw two swallows on Rilnsea Warren on their passage from 
North to South, and in both separate cases with snow bunting, a curious com- 
bination of spring and winter visitors. 13th. A swallow was seen at Grainsby. — 
J. Cordeanx, in Naturalist, 

The Year 1891. 

In most of the Elnglisb districts the winter of 1890-91 proved very de- 
stmetive to the root crops on the farms and to green vegetables and half- 
hardy shmbs in the gardens. Birds also suffered severely through the pro- 
longed frost. In Scotland and Ireland, however, there was scarcely any 
severe weather until March. The flowering of wild plants was considerably 
retarded by the cold spring, bat' during the summer the departures from the 
average were not so great. The, harvest was late and its ingathering 
mneh interfered with by stormy weather. The fruit crops proved fairly 
abundant, but were mostly lacking in flavour owing to the sunless character 
of the smnmer. 



A few words of explanation as to how the approximate averages given in Tablo 
n., and also in the diagrams (Plate VI.), were arrived at, may be of interest. 
In the first place it became necessary to ascertain for each of the plants on tho 
list in what order it came, as a rule, into flower in tho eleven Districts into 
which the British Isles are divided. For this purpose all the available obser- 
yaiions relating to these plants which had been sent to the Society during tho 
last eight years were tabulated. The mean results showed a very close ap- 
proximation between the order in which the plants flowered in the different 
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Districts, and the order which these Districts take up when arranged according 
to their mean annual temperatures. Therefore, no readjustment of Districts 
was considered necessary, and they remain as in the two previous Reports, 
arranged according to their relative mean temperatures. 

The next step proved a far more difficult one, and that was to find ont, if 
possible, what number of days should be considered as equivalent to an 
increase or decrease of 1° in mean temperature. The eight years' observa- 
tions above referred to were again most carefully examined and re-examined, 
also those given in the Floral Calendar of the Natural History Journal^ as 
well as Mr. W. F. Miller's Croydon records. The only point, however, 
which came out in any way clearly was that during the summer there was, 
as a rule, less difference between the dates of flowering for the warmer and 
for the colder Districts than in the spring months. As regards the question 
of how many days should be taken as representing a degree of mean, tem- 
perature, the evidence was most conflicting. Moreover, further difficulty 
arises from the fact that the relative temperatures of the Districts are dif- 
ferent in different parts of the year, e,g, on the average of the year. For 
instance, the North of Scotland is rather warmer than the East of Scotland 
during the winter half of the year, but more than 2^ colder during the 
summer half. 

It was ultimately decided to allow four days for plants flowering daring 
the winter and apring, and three days for those coming into blossom in the 
summer and autumn, for each degree of difference in mean temperatures, as 
being the closest approximations at present obtainable. The corrections 
having been determined, it only remained necessary to secure standard dates 
for any one District for each of the thirteen selected pluits, and then to 
apply these corrections in order to obtain average dates for all the other 
Districts. Such standard dates were found ready to hand in the Bev. T. A. 
Preston's Results of 20 years' observations at Marlborough, 

The average date of flowering of any plant on the list in any District 
was now easily ascertained. For instance, taking the Hazel, the Marl- 
borough dates being, as a rule, among the earliest in the country, the stan- 
dard date 82 (February 1st) is given to District G. (South of England), and 
from this starting point the means for the other Districts are calculated. 
For example. District B. (Ireland South) during the first quarter of the year 
is 2^-4 warmer than District G. Consequently the average date of first 
flowering (reckoning 4 days to 1°) comes out as 22 (January 2nd). On the 
other hand District D. (the Midlands) being V colder than District O. the 
average date is taken to be 86 (February 5th). 

As regards the mean dates for 1891 (Table U.), it may be pointed out 
that had the mean value for each District been derived from an equal num- 
ber of observations, the departures from the average dates would have 
come put much more consistent than they do. In the present Report un- 
fortunately some of the Districts are very inadequately represented. 
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DISCUSSION. 

The President (Dr. Theodore Williams) said that the Society was greatly 
indebted to Mr. Mawley for the report he had placed before them. PhenologicsJ 
observations, although not strictly belonging to meteorological work, wore very 
nseful, and afforded valuable collateral evidence of the weather as recorded by 
the various meteorological instruments. Mr. Mawley had taken up the labours 
of Mr. Preston and ^ected them to a useful end. 

Mr. Symons said that he was pleased with the diagram of mean dates of 
flowering which Mr. Mawley had prepared. It was the first step in an impor- 
tant direction in phenological work, and the averages given were without question 
very valuable. There was no doubt that the energy of the individual observers 
was an important consideration in comparing the observations. The returns 
from Marlborough GoU^e, specially alluded to by Mr. Mawley, formed a case in 
point, as the boys studying there were encourc^ed to scour the country round in 
search of first specimens of flowering plants, and so dates of observation of first 
flowering were promptly recorded. 

Mr. SoxTTHALL expressed the high appreciation with which he regarded these 
reports, and said that the observations he had himself made of the dates of 
flowering, &o. of plants m his own garden (which he had now carried on for 
twenty years) fully concurred with Mr. Mawley*s results. He thought that the 
very late average date of the ingathering of the harvest had hardly been 
sufficiently brought out in the report. 

The Hon. Bollo Bussell inquired whether the colours of the leaves on the 
trees in autxmm were in any way connected with the degree of dryness of the 
atmosphere. He had never seen, even in a dry English season, such brilliancy 
of colour, especiaUy in birches and in ferns, as was to be witnessed in Perthshire. 

Mr. Tripp asked whether Mr. Mawley was able to say if the date of flowering 
was at all influenced by elevation above sea-level, as he was under the impression 
that such was the case ; and, if so, had any allowance for height above sea-level 
been made in preparing the curves of average dates shown on the diagram. 

Mr. Mawley, in reply, said that he had been agreeably surprised, when drawing 
the mean curves of the dates of flowering for the different districts, to find that 
in the first year of the new system of observation they came out on the whole 
so well. He did not know how to account for the fact of the autumn tints 
being, as a rule, more pronounced in Scotland than in England, unless it were 
for the reason Mr. Bussell had stated. The tints were generally finest when 
the temperature graduidly declined as the autxmin advanced, for then the ripening 
of the snoots of the trees and abo of their leaves proceeded simultaneously. 
The curves of mean dates were based upon aU the observations sent in from the 
districts into which the country had been divided, no allowance being made for 
differences in elevation. No doubt the height above sea-level had much influence 
upon the dates of first flowering, but he did not consider the number of strictly 
accurate observations as yet sufficient to allow of corrections for elevation 
being introduced. 
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The Untenability of the Atmospheric Hypothesis of 

Epidemics, 

By the Hon. F. A. ROLLO RUSSELL, M.A., F.R.Met.Soc. 



[Beceived November 20th, 1891.— Bead February 17ih, 1892.] 

The ancient doctrine which attributed plague and pestilence to some malig- 
nant constitution or influence of the atmosphere has, within the last 120 years, 
but especially within the present century, been driven from point to point 
and from refuge to refuge, until by the issue of the Local Government Board 
Report on the recent epidemic of Lifluenza, its last remnants of plausibility 
have yielded to the strong demonstration of connected facts. The result 
arrived at is of very high importance to mankind, and appears to me to 
deserve full recognition by this Society, for it seems to complete the evidence 
leading to the conclusion — ^that no kind of epidemic or plague is conveyed by 
the general atmosphere, but that all of them are caused by human con- 
ditions and communications capable of control. 

It will not be necessary to recount how in the case of almost every great 
epidemic disease in past times the atmosphere has been erroneously charged 
with the pernicious quality or malignant influence which has spread death 
and disease among the nations. The Plague, Cholera, Yellow Fever, Small 
Pox and even Rabies or Hydrophobia, have all been supposed in former 
times, and one of them quite recently, to be spread or caused by morbific 
atmospheric conditions. 

Consumption, or tuberculosis, is now traced to human, and not to atmo- 
spheric conditions ; indeed, the free air of sea, plain and mountain, seems 
never to contain the germs in a potent condition. Even colds of a certain 
kind and of a severe type may, with much reason, be ascribed to impurities 
in soil, houses and clothing, the organisms concerned being sparsely scattered 
and commonly harmless in the general atmosphere, but more ^concentrated 
and potent in houses and towns, so that most colds are caught by direct 
infection. On the deck of a ship, or on a mountain top, colds are seldom 
caught, and people who are isolated in the country are also generally free 
from colds, except in the neighbourhood of marshes, wet valleys or estuaries. 
The severe colds which attack the people of St. Eilda after the landing of a 
stranger are apparently due to the conveyance of a certain organic dust from 
populous places, from which the island is free. The circumstances are 
described by Mr. Macdonald in the B^wrt of the Local Government Board 
on the Ejndemic of Influen^ta in 1890, 

Epizootics, cattle plague for instance, and pleuropneumonia, which had 
boon attributed to the atmosphere and an ** opidomic constitution '* con- 
nected, perhaps, with the planets or more occult causes, were shown to be 
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really due to contagion and convejanco of infectious matter through short 
distances of impure air. 

Some of the diseases ahove mentioned are apparently capable of convey- 
ance through a moderate distance of outside air, without altogether losing 
their infective power. Thus small pox, when concentrated in a hospital, has 
increased above the normal the number of cases of small pox within a radius 
of half-a-mile. 

With other zymotic diseases the proper ventilation of hospitals almost 
annihilates their infective power. 

While, therefore, we must recognise the frequent conveyance of epidemic 
disease from one case to another through a short distance of air, we are 
enabled to exclude the totally different proposition, that epidemics are ever 
caused by a general impurity or pecuHar condition of the atmosphere. 

By far the strongest case for atmospheric diffusion of disease poison was 
afforded by influenza, and in this pestilence the appearance has been so 
delusive, that over a large part of the continent of Europe and of America, 
and to a considerable extent in England, the atmospheric hypothesis is still 
held. 

Last century medical opinion was largely in favour of the theory of con- 
tagion ; but in the epidemics of the flrst half of the present century a mass 
of rather inaccurate observation helped to shift the responsibility back upon 
the atmosphere, and the careful, almost conclusive, observations of Dr. 
Haygarth and others were discountenanced. 

At first sight there is something in the manner of invasion of influenza 
which seems to suggest a general cause, such as might be found in a con- 
tamination of the atmosphere or large portions of it, with living organic 
dust. But examination of the geographical distribution of the disease, of 
its course through a country, a town or a village, is sufficient to dispel this 
illusion, and to lead to the conviction that in influenza we have simply an 
example of a highly infectious malady of short incubation period and long 
striking distance through confined air. 

The study of the manner of propagation of influenza has so much bearing 
on many other serious pestilential and epidemic diseases, that I propose to 
submit the following evidence, which you will, I think, admit is more than 
sufficient for the particular purpose of proof against the unfruitful doctrine of 
atmospheric contamination and diffusion. 

The rate of progress of influenza is largely proportional to the possible 
rate of communications. Thus it extends rapidly from Moscow to St. 
Petersburg, from St. Petersburg to Berlin, Vienna, Paris, London and 
Madrid, or from any one of these capitals to any other, slowly from one 
small village to another, if these are far apart and not connected, except by 
communication from one small place to another in the intervening country. 
Rapidly in present times compared with past : thus in 1882 it took eight 
months to cross Germany ; and the epidemic of 1782 in England had begun 
in Canton and India in the autumn of 1780, in Tobolsk some time in 1781, 
in Moscow in December 17&1, in St. Petersburg in January 1782, in London 
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in May, and in most parts of England in Jane, in France in Jnne, in Italy 
in July, and in Portugal and Spain in August and September. In the aatomn 
of 1830 and earlier in the same year influenza was prevalent in China, and 
in 1881 it appeared in several of the capitals of Europe, reaching London 
in May. 

The pandemic of 1847-8 attacked Russia in February and March 1847, 
Turkey in August, France in September, Denmark in October, Germany m 
October, Italy in December, London in November, the greater part of 
England and Wales early in 1848, the North of Scotland in December 1847, 
and the Sandwich Islands in January 1848. 

In 1889-90 the rate at which the epidemic spread over Europe and 
America was, on an average, fully twice that which prevailed before the in- 
troduction of railways. It should be remembered that the increase of rate 
would not be in proportion to the increase of travel- speed ; for an important 
factor in the time of propagation of influenza is the distribution and increase 
up to a degree of wide prevalence in large towns, which takes much more 
time than the actual transference from place to place, except in conntrics 
whore travelling is still slow. Moreover, influenza is frequently conveyed 
from port to port in sailing ships, of which the rate of travel is the same as 
before the age of steam. In 1782 influenza is recorded to have been 
brought in a little over 48 hours from the Thames to Shields in a sailing 
ship. 

The most instructive instances of outbreaks of influenza, especially with 
regard to dates of first appearance, are afibrded by islands having much, 
little, or very rare communication with infected continents. 

The following information is mainly derived from the Report by Dr. 
Parsons on the epidemics of 1889 and 1890 : — 

Bardaey Island^ off the Welsh coast, was free from influenza until January Ist, 
although cases had existed in Pwllheli, on the mainland, since the third week in 
December. On January let, the islanders visited Pwllheli to pay their rents, 
and had ample opportunity for contracting infection. Within a row da^ cdR;er 
their return almost all the mhabitants of the island (182) suflered from inflnenza.^ 

At Oucrm^ey^ January lOch seems to have been the date of the first attack. 

At Aklemey, January 14th ; the first two persons attacked were Custom House 
OHicers taking charge of the parcels brought oy steamer. Influenza had occurred 
both at Guernsey and Cherbourg before it appeared at Aldemey. 

The Scilly Isles were aflected about the nuddle of February. There is much 
communication with the mainland at this season, owing to the flower trade. 

At Trinidad no influenza of an epidemic character had shown itself up to 
June 18th, 1890. 

In Iceland influenza became epidemic in June or July. Previous epidemics 
are said always to have occurred in the summer, when ^^TnTt^^niffl^Qi^fl ^th 
Europe were frequent. 

At Tobago cases began to occur at the end of January, 1890. The epidemic 
appeared to begin at Scarboro*, the port of entry, and to be more prevalent there 
than in any other part of the island. 

At Antigua a nmd epidemic began in January, 1890. 

At St, Kitts and iv(rrt>, it began on February 9th, 1890, and was definitely 
epidemic from the second week in February. 

The Bahamas, Grenada, and St, Lucia are reported to have escaped. 

1 ICr. Hugh Bce^, Medical Oi&oer of Health for Camaironshirc. 
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At St, Vincent^ the first case was noticed on January 22nd, 1890. It appeared 
to spread by infection, and horses and dogs suffered from catarrhal affections. 

At Barbadoes the date of first occurrence was given by a committee of medical 
men as April 15th, 1890, and the disease became epidemic early in May. At the 
Glendairy prison on the island, the first case occurred on May 19th. The first 
three cases occurred in convicts who had been in prison respectively 5 months, 
4 months, and IJ month, but they had all three been working in one of the 
corridors where prisoners when first brought in are stripped and examined, and 
might have come in contact with the clothing which such men were wearing 
before admission. In the female prison the first case occurred in a woman who 
had been in prison 11 daj's, and no source of infection was known. 

In Bermuda there appears to have been very little influenza, except in Ireland 
Island. On March 5th, 1890, the Swedish corvette Saga^ with a crew of 12 
officers and 196 men, arrived at St. George's, Bermuda, having on board upwards 
of 70 men ill with influenza. On February 27th, the Saga had left Havana. 
The following day the sickness broke out and soon attacked a large number. 
She was put in quarantine till March 12th, and on March 18th, being granted 
pratique, she proceeded to H.M. dockyard at Ireland Island, and on March 20th 
came into the Camber. 

The first case of influenza in Ireland Island occurred on board H.M.S. Bellero- 
phon on March 27th ; this ship had come into the Camber on March 22nd, and 
made fast just ahead of the So^a. 160 cases followed on board the i^^Z/eropAon. The 
disease then became epidemic on several other ships further off from the Saga 
and finally, when it had ceased on board the ships, became epidemic on the island. 
At the Falkland Islands there was no influenza ; there was an epidemic of 
whooping-cough, imported from Punta Arenas, South America, whither it had 
been maported by a French emigrant ship from Europe. 

At the) Canary Islands there seems to have been no definite influenza, but 
feverish colds prevailed. 

At the Cape Verd Islands an outbreak occurred on board H.M.S. Australia 
between January 7th and 25th. 

At the Azores influenza seems to have broken out in the late spring of 1890. 
At SL Helena there appear to have been no cases up to August let, 1890, but 
later in the month three cases were reported. 

At Axim, on the Gold Coast, which may be considered as best isolated on the 
land side, the first case was observed in the beginning of May, and one of the 
first cases was a Customs Of&cer. From him it spread in a striking manner to 
the other officials. 

In the Shir6 Highlands of Africa , the epidemic appears to have been severe 
during the sunmaer of 1890. 

At Mauritius the epidemic began at Port Louis, the chief town, in August 1890, 
and spread thence to other districts. 

In Rodriguez the influenza began in June, the two first cases being on Jime 
22nd. On June 12th, H.M.S. Garnet had called, leaving the same day. Fifty 
men on board this ship had been subject to influenza between March 16th and 
April 9th. The Maggie Low had arrived on June 17th, but there is no statement 
respecting the presence or absence of influenza on bo£u:d this ship. The dates 
in^cate me probability of importation by one of these two vessels. 
At the Seychelles there does not appear to have been any influenza. 
At Riunion cases occurred on September 25th, 1890, in the following way ; 
A lady had visited a house at Mauritius where influenza prevailed, and left on 
September 23rd, with preliminary symptoms. She reached a country house in 
B^onion on September 25th. Two days later the family and servants at this 
house were attacked. 

At Shoah, in Abyssinia, influenza broke out in November 1890, among certain 
Italian officials. 

In Ceylon the first cases occurred about February 7th, 1890, among some pilot 
boatmen employed in the Harbour of Colombo, after the arrival on January 
80th of the troop ship Himalaya, with 19 cases on board, there having been 140 
cases on the voyage from Plymouth. An early case also occurred in a post- 
office clerk engaged in sorting the mails. Places invaded late by the epidemic 
(summer 1890) are in the centre of the island and away from railway communi- 
cation. 
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In Penangy Straits Settlemerus, the disease first oocnrred in the native bazaar, 
where coolies were employed in opening ceises of ** piece goods." 

In Shiffaporey in the tmrd week of February, the disease attacked the wharf 
coolies employed about the ships. The largest number of oases occurred among 
the coal cooUes, who live in an overcrowded building ; a very small proportion 
of cases occurred in large well ventilated houses in the country. 

At Borneo the first case occurred on March 4th, 1890. 

At Bonghong^ cases of infiuenza occurred in January and February. An 
English steamer and an American steamer arrived in January, having cases on 
board. One steamer from England had landed 5 cases at Bombay in December, 
and came on to Hongkong via Singapore. 

In Japan the epidemic began in February 1890. 

In New Zealand infiuenza was reported on March 17th, 1890. 

In Victoria^ Australia^ the infiuenza began early in March 1890. 

In New South Waks in March and April, 1890, at various places, the course 
of the epidemic indicated transmission along the lines of railway and communi- 
cation. In no case was the rate of extension greater than the rate at which a 
man could easily travel. 

In British New Guinea no epidemic had occurred up to June 19th, 1890. 

At places in Queensland, the dates of the first observed cases varied from the 
middle of April to July 7th. 

In fVest Australia infiuenza appesurs to have prevailed in May and Jane. 

Dr. Whittell, President of the Central Board of Health of South Australia, 
inclined to the belief that the conta^on was carried from America to New Zealand 
and thence to the Australian colonies, to Sydney and Melbourne first, thence to 
South Australia, and thence to West AustraUa. 

In Tasmania, the infiuenza first occurred in March, 1890, and soon became 
epidemic. 

In Fiji there was no influenza in 1890. 

At Honolulu infiuenza was prevalent in the middle of January 1890. 

A certain amount of usoful information is afibrded by ships which had 
boon free from infiuenza during the voyage, but were attacked soon after 
touching at infected ports. Thus, the Malabar troop ship from India 
arrived at Cadiz on January 19th, and 19 cases occurred on the 20th ; the 
Melita arrived at Malta from Port Said on December 26th, and the disease 
began on board on December 81st ; it was then prevalent at Malta ; the 
Monarch had cases 10 days after arrival at Gibraltar on January 2nd ; the 
NorthumherUnid 9 days after arrival at Gibraltar ; the Orlando had cases at 
Melbourne on March 21st, 6 days afber arrival ; the disease had then suddenly 
appeared on shore ; the first case on board the Serapis was that of an officer who 
had visited friends sufiering from the disease at Malta on December 26th. 

The surgeon of the GrantuUy Castle (of the Castle Line from the Cape) 
was severely attacked two days after his arrival in London in February. 

Messrs. Ismay, Imrie and Co. reported that no case occurred on board 
any of their vessels when more than four days from port. 

The following classes of men were absolutely free from infiuenza daring 
the epidemic period, except in those rare cases in which communication was 
held with an infected place : — Deep-sea fishermen, lighthouse keepers and 
their families, crews of ships at sea during long voyages. 

Thus 20 smacks, each with a crew of six men, sailed for a fishing ground 
in the North Sea between November 26th and December 14th, and returned 
between January 29th and February 7th ; there was no case of infiuenza. 

The experience of other fishing boats, altogether carrying some thousands 
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of men, is similar, the only cases occurring where communication happened 
to have taken place with the shore. 

In a Journal called Toilers of the Deep for March 20th, 1890, it is stated : 
** The influenza has attacked several of our men ; but, oddly enough, the 
doctors have observed none at sea, though carefully on the watch for it." 

However, an instructive case occurred later on. On March 10th a boat 
with a crew of 10 men at the tail of the Dogger was boarded by two men 
from a fish carrier who had lately had influenza. On March 14th one of the 
boat's crew, and subsequently seven others, were attacked on board the 
fishing boat. The Secretary of the Great Grimsby Smack Owners* Asso- 
ciation reported on March 14th, 1890, that the only suspicious case he 
could hear of on board the vessels of that port was that of a man who had 
spent the fortnight previous to sailing at Nottingham, and who was attacked 
a few days after sailing. 

No authentic cases seem to have been noted of influenza having broken 
out on board a ship, when the port of embarkation, the crew and passen- 
gers, and the places whence these came, were known, or could be presumed 
to be fr^e from infection. The number of sailors and passengers on board 
ships during the early months of the first epidemic in Europe must have 
been many thousand, but there is apparently no instance of an original at- 
tack at sea. 

Dr. Parsons has shown that the often-quoted cases of the Goliah in 1782 
and the Stag in 1888 rather prove the subtlety of the infection and the 
inaocuraoy of the narratives than the conveyance of the contagion across a 
tract of sea. Other instances on which the hypothesis has leant will be 
found on inspection to be inconclusive and valueless. 

Dr. Gregory, in his Life of Sir Robert Christisont seems to refer to the 
outbreak on board Lord Howe's fleet in 1782 : — ** The whole fleet was in 
excellent health and spirits when a cutter arrived from the Admiralty, and 
the signal was given for an officer from each ship. The officer was accord- 
ingly sent with a boat's crew from every vessel, and returned with orders, 
carrying with them also the influenza. In the lieutenant's ship, from whom 
Dr. Gregory received the account, he was one of two who alone escaped it ; 
the other ships fared scarcely better." 

Here we have the true account of infection : less fully informed people 
would speak of a mysterious outbreak on board ships at sea, long after 
leaving port, without communication with the shore. 

Among lighthouse and lightship men, 415 in all, seven cases occurred, and 
each of these was accounted for by recent communications from the shore. 

Three lightkeepers at Bardsey Island suflered after the people at the 
island had been on shore to pay their rents, as related above. A lightkeeper 
from the Eddystone Lighthouse landed at Plymouth on January 11th, and 
was taken ill on the 18th. If the cause of influenza had been diflused in 
the atmosphere, some hundreds of fishermen, and perhaps 50 or 100 light- 
housemen would have been aflected ; but the fact that none of those who 
were isolated during the whole period of the epidemic caught it, and that 
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ouly a fow of the deep-sea fishermen and lighihousomen, tho very persons 
who had been to mfected places or near infected persons accidentally while 
at sea, were attacked, amounts to as good a proof as can be desired thai the 
disease is infectious and not atmospheric. Moreover, from such cases as 
those, the time of exposure and attack, and the period of incubation is 
learnt with precision, and is shown to vary usually from a little less than 
two to five days. 

It appears that to highly susceptible persons, who in relation to this 
malady are a rather large proportion of tho population, a short and slight 
exposure to infected air or things is sufficient to stavt the disorder in their 
systems. This being the case, it is not surprising that soon after its first 
introduction to the chief centres of population it is distributed over nearly 
every part of the country. There are scarcely any villages so remote or 
inaccessible as not to be in daily, or at least weekly, commonication with 
the chief towns, and there is no division of the United Kingdom which 
is out of touch, as it were, with the chief towns and ports of foreign coun- 
tries. And in every small place the majority of the inhabitants have frequent 
opportunities of contracting infection in numbers at a time from a single 
case. This applies to scattered farms and villages. I remember being at 
the lighthouse at Cape Wrath more than 20 years ago, and the keeper telling 
me that he and his family drove to the nearest village, a distance of 14 miles, 
every Sunday ; and I remember also that broad was distributed along great 
distances of road in the north of Scotland from certain centres, as far, I 
think, as 80 or 40 miles. Considering the small size of the particle, which, 
according to the researches of Messrs. Pfeiffer, Canon, Kitasato, and Koch, 
is concerned in tho production of the disease, the large numbers given off 
from a single case, the short incubation period, and common susceptibility, 
tho rapid spread of influenza is not out of agreement with the known qualities 
of many other epidemics and infections. I have calculated that the number 
of microbes of the stated size on a square inch of surface, closely packed, 
might be 12,500,000,000, or about equal to ten tunes the number of inhabi- 
tants of the globe. In a cubic inch, closely packed, the number would be 
8,125,000,000,000,000, or 2,500,000 times the number of inhabitants of 

the globe. 

Next to fishermen, sailors, and the inhabitants of remote islands, persons 
living much in the open air, and not gathering within doors in close places, 
were attacked in small proportion. Engine drivers, cabmen, omnibus 
drivers, and in most places out-door labourers, were less attacked than 
porters, clerks, and messengers. In a former epidemic an instance was 
given of the complete escape of 200 women who spent much of their time 
standing in sea- water near the wharves, raking up coal from the sea-bottom. 
This is unluckily an occupation which not even the prospect of immunity 
would induce many people to follow. 

A large proportion of persons living in conditions of strict seclusion were 
not attacked. In the prisons of Bodmin, Kendal, Norwich, Portsmouth, and 
Ipswich, containing 420 persons, thoro was no case of influenza, although it 
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prevailed outside in the neighbourhood. In many other prisons cases oc- 
curred, communications with the outside through warders and fresh prisoners 
being numerous. 

An account has been published of the extension of the disease into the 
interior of Africa, by which it appeared that the arrival of two natives from 
a distant place, where influenza was prevalent, immediately set up influenza 
among the other inmates of the large room in which they lived. 

Similar but less striking experience was very common in the recent and 
in former epidemics. It does not seem certain whether infection is more 
commonly carried in the person of intermediaries or in goods to which light 
and air have not had access. 

An officer returned from Paris on December 8th, 1889, to Brest with some 
goods, which he impacked himself. Three days later he was attacked, and 
on December 14th, before he was well, ho went on board the ship Bretagne, 
On the 16th a case occurred on board the ship, and in a short time 244 out 
of 850 on board were taken ill. 

The first case of influenza at Llanf^^Uin was that of a person who unpacked 
a few days before parcels of cloth from a large establishment in London, in 
which many of the employee had suflered from influenza. In Suffolk there 
was a history of introduction ; at Lowestoft from Antwerp ; at Bury St. 
Edmunds and Eye from France ; at Stowmarket from London ; in Cornwall, 
to Newquay, from Denmark ; to Truro by German and Russian letters. 

With respect to meteorological conditions, it is difficult to bring the 
propagation of influenza into necessary relations with any particular state of 
the air as regards temperature, moisture, rainfall, or wind, for it has occurred 
in all climates and in opposite conditions. 

According to the Rev. W. Clement Ley, ** the epidemic swept over the 
continent of Europe, following a south-westward course, under conditions 
which were in the main anticyclonic. It attacked the United States and 
Canada in atmospheric conditions as much the reverse of the former as if 
they had been intentionally planned as a contrast." And in India, according 
to Surgeon-Major EUis, '' the history of the epidemic all tends to show the 
influence of human intercourse on the spread of the disease." It seems to 
have been very closely connected with the movement of European troops. 
Meteorological conditions seemed to have little eflect, for the disease occurred 
in the heat and dryness of Kampti, the warmth and moisture of Bombay, 
and the cool and temperate climate of Simla. 

There is no definite or known atmospheric quality or movement on which 
the hypothesis of atmospheric conveyance can rest, and when closely 
approached it is found to be vague, unsubstantial and uncorroborated. 
Neither lower nor upper currents have ever taken a year to cross Europe 
from east to west, or adjusted their progress to the varying rate of human 
intercourse. 

Like other maladies of high infective capacity, influenza has spread most 
easily, other things being equal, in cold calm weather, when ventilation in 
houses and railway cars is at a nuBimum, and when perhaps the breathing 
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organs are most open to attack. But largo and rapid commnnications see 
to be of much more importance than more climatic conditions. Across froz 
and snow covered countries and tropical regions it is conveyed at a 
corresponding, not with the movements of the atmosphere, but with 
movements of population and merchandise. 

Its indifference to conditions of soil and air, apart from human habi 
depending on these, seems to eliminate all considerations of outside nai 
surroundings, and to leave only personal infectiveness, with all which thi 
implies of subtle transmission, to account for its propagation. 

If the courses of other plagues which have the same manner of at 
from person to person, but a less vulnerable and extensive field on which 
operate simultaneously, and which are so common among as as to be kna 
as endemic, were more frequently and fully tracked from their local cultiva- 
tion ground to their distant ramifications, the possibility of ultimate national 
or international control would be better recognised. 







THE ORIGIN OF INFLUENZA EPIDEMICS. 
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[Abstract.] 
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Thx author begins by calling attention to the almost universal disiribution 
of Influenza during the past two years, and to the very great illness and 
mortality caused by it, adding that its recent world-wide distribution has 
been quite accordant with Dr. Cullen*s remark in 1786 that ** The disease 
has always been particularly remarkable in this, that it has been the most 
widely spreading epidemio known." 

Up to the present time there is no agreement among medical men as to 
the cause of the recent epidemic. The first theory was that it arose firam 
the decomposition of the bodies of victims of the great inundation in China, 
and that the dust resultant therefrom had been carried by surfiftee winds — 
but the normal course of the winds is just the reverse of that in which the 
Influenza spread. The suggestion by Sir A. Mitchell and Dr. Buohan that 
germs might be sucked up by cyclones and then transported by upper euirents 
is noticed, and also Prof. Hildebrandsson's inquiries, which led him to eon- 
elude that the infective matter was carried about by travellers, and the 
statement of the Local Government Board that Influenza ** is a dangerously 
infectious disease ; *' and then in opposition to this view the author quotes a 
statement that ** The three keepers of the Casquets Lighthouse have aU been 
sufiering severely from Influenza. It is extraordinary that it should get 
to such a thoroughly isolated spot, 12 miles from Ghzemsqr, seven from 
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Aldemoy, surrounded by the sea and swept by every wind.*' Other similar 
instances are quoted. 

The author then proceeds to analyse the mortality returns for London in 
times of fog, and during Influenza, and considers that these have much in 
common, and ho urges that the extra mortality in time of fog is due not to a 
fall of temperature, nor to fog per se^ but to the sulphurous acid and other 
products of combustion accumulated in the atmosphere and remaining there 
owing to the absence of wind. This suggested to him a possible source for 
Influenza, viz., sulphur and other volcanic products. He then submits that the 
recent epidemics may have arisen from the subsidence of the matter ejected 
from Erakatoa in August 1888, when more than a cubic- mile of volcanic 
products was ejected, some of it to an altitude of 28 miles. The calcula- 
tions in the Report of the Erakatoa Committee of the Boyal Society are 
quoted in order to show that, though this matter was shot up with great 
rapidity, it would take some years to fall owing to the extreme lightness 
and minuteness of the particles, and would chiefly be brought down in 
winter during the prevalence of anticyclones ; and this is exactly when the 
Influenza was most severe. The late Prof. Bagana, in his paper '< Influenza 
delle condizioni atmosferiche sull* Influenza," stated that Influenza appeared 
in Italy during an anticyclone, and while extremely fine dust was being de- 
posited. This is no new suggestion ; Dr. Darwin, when noting the misty 
appearance of the air in 1782, suggested that the matter which made the air 
thick produced the prevalent catarrh. The author incidentally calls atten- 
tion to the rarity of analyses of atmospheric air, and suggests that systematic 
analyses might lead to important discoveries. The paper continues as 
follows : — 

<' Carefully reviewing the facts connected with the Erakatoa eruption of 
1888, the atmospheric phenomena which have continued at intervals down 
to the present, the Italian dust deposition, and the haze observed in our own 
country, and combining all with what we know of the circulation of the 
atmosphere, I believe I have established a case in favour of the dust from 
volcanic eruptions being considered the principal factor concerned in the 
propagation of Influenza epidemics, that, as this dust invades the lower levels 
of the atmosphere, so a peculiar form of sickness assails mankind. 

*< The particulars relating to previous volcanic outbursts are not so com- 
plete as those we possess respecting the event of 1883, and our knowledge 
of the extent of the ravages of the earlier Influenza epidemics is rather 
limited, but I have prepared the following table showing the principal erup- 
tions and all the Influenza epidemics of the eighteenth and nineteenth cen- 
turies. Eruptions of extraordinary violence are indicated by italics. 
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TABLE 8H0WINO THE PRINCIPAL VoLCANIC RRUPTIONe AND ALL THB InTLUEHZA EPIDBMIGi 

OF THE Eighteenth and Kinetbbnth Centubixs. 



Volcame Eruptiom, 



Injktefuta Epidemia. 



1698 

1707 
1716 



Vesuvine, Cftrguairazo (Chili) \ 1700 } ^^'^ Enrope 

L 1702-03 England 
VesuvitUt Santorin, a Japatuu Volcano 1708-12 Europe 

Taal (Luzon), Ho& J5kull (Iceland); 17 17 



1721 
1732 

1735 
1737 
1744 



VesuYiuB, Iceland 

KUluffia (Iceland) 

Etna 

Etna 

Vesuvius, &c, 

Cotonaxi 
1748-52 Sandfells Jokull; 1751 Vesuvius 
1754 Vesuvius, Hecla 

1755-56 Kotlugia; 1755 Etna; 1756 Vesuvius 

1759-^ Vesuvius ; 1760 Peteroa (Chili) 
1766 Hecla^ Albai (Luzon) 



«« 



{ 



1770 
1772 
1779 

1783 
1785 



Colima 

Papandayang (Java), Heola 

VeiuviWt (Captain Cook's ships covered with 

ashes in North Paoiflo) 
Skaptar JbkuU, A$avM (Japan) 
Vesuviut 



1717 

1725-30 " All the World " 
1732-33 Amerioay Europe 
1737 Both hemiepheres 
1741-44 Europe 
1747-48 America, Europe 
1752 

1755 England, France 
175&-57 Amenoa 
1758 Euro^ 
1761 Amenea.WJndies 
] 1762 " All the World " 
1767 Euro]^ 
1771-72 Amenca 

i 1773 

1 1775 *' All the World " 



1790 Vesuvius ; 1792-93 Etna 

1794 Vesuvius ; 1799 Guatemala ; 1803 Cotopazi ; ' 

1805 Vesuvius ; 
1807 Merapi (Java); 1808 St. George (Azores); 

1809 Etna ; 
181 1 Azores, Vesuvius, Etna; 1812 SL Vincent, 

Vesuvius ; 
1 8 13 Vesuvius ; 18 14 Albai ; 18 15 Tomboro (Sum- 

bawa) ; 
I S 1 8 Ooenoing (Java) , Vesuvius, Colima, Hecla ; 
1 82 1 Klutsehewskaja-Sophi (Eamschatka ;) 
1821-22 Eyafialla Jokull; 1822 Vesuvius, Qalung 

(Java) 

1826 Tolima (Chili) ; 1827 Perace (Columbia) 
(" 1830-3 1 Etna; 
1 83 1 Oraham^s Island ( Palermo) , Babujan Islands, 

Pinehincha 
1834 Vesuvius; 1835 Coseguina, Osomo, Acon- 
cagua 

jg^^ Mount Regnier 

1845 Hecla; 1846 llccla, Amugura (Fiji) 
1850 (February) Vesuvius 

1852 Etna; 1855 Vesuvius; 1856 (^topaxi, Japan; 
1858 Vesuvius 
Vesuvius 



1779-83 Widely spread 
178&-90 America 
1787-90 Euro^ fto. 
1792-93 Amenca 
1794-95 British Fleet 



1797 
to 

1823 



Frequent Visits to 
- different parts of 
the World 



1 



1827 America, Siberia 

1830-34 

1836-37 

1843 America 

1847-48 
1850-51 



1862 
1865 
1872 

1883 



1855-58 

1864 Switzerland 

Etna ; 1866 Santorin ; 1867 Iceland. Japan | J^_^ P^^^ 

Vesuvius, Merapi (Java), New Hebrides ; 1873 «, ( Cape Bietos< 

Skaptar J(5kull '874 (£0^^^^ 

Krakatoa, St. Auguatin (Alaska) 1889-92 



NoTE.—The Eruptions of Awatsha in 1837 and the Vatna JokuU in 1875 do not «)• 
pear to have been succeeded by Influenza Epidemics. 
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** Most persons will be surprised to find that, after many assurances that 
the malady is one of the rarest of visitors, Influenza has been amongst us so 
frequently. Out of the above list, however, the severest epidemics appear 
to have been those of 1709,1729, 1782-83, 1742-48, 1768, 1762, 1767, 
1776, 1782, 1789-90, 1808, 1822-23, 1880-81, 1887, 1847, 1868, and 
1889-92. The most active volcanic period was in the first quarter of tho 
present century, ten eruptions of great violence occurring from 1811 to 1822. 
Influenza seems to have been wandering about Europe between 1797 and 
1828, and in 1819 a Parliamentary inquiry was held, the result being a con- 
flict of opinion on the subject. Between 1760 and 1790 there were a num- 
ber of the severest type of eruptions, and six widespread Influenza epidemics 
raged in the period. From 1830 to 1860 was another spell of activity, and 
three of the worst recorded epidemics occurred in this interval. 

*' The eruptions which are not classed as of extraordinary violencoi were 
nevertheless in very many cases sufficiently powerful to produce similar 
phenomena of sky glows and dry fogs over extended regions of the earth, 
and in other accounts than those catalogued by the Erakatoa Committee the 
eruptions are often described as tremendous. To enter into details about 
each epidemic, and the events which preceded it, would occupy a volume of 
our Journal ; I shall, therefore, content myself with presenting the list as it 
stands, so that those who interest themselves in the matter can easily refer 
to works which deal fully with the phenomena. 

''I would, however, remark that it is necessary to bear in mind that there 
may be a great difference in the ultimate destination of dust ejected from 
tropical and that from extra-tropical volcanoes. Near the Equator the atmo- 
spheric conditions would favour the rapid distribution of the particles to all 
parts of the world, whereas a somewhat diflerent arrangement in higher lati- 
tudes might tend to keep the dust circulating in one hemisphere only, and 
possibly within comparatively narrow limits. It does not necessarily follow 
that because the Erakatoa outburst caused sky glows in New Zealand and in 
England; that a similarly violent convulsion in Iceland would also produce 
the same eflect in New Zealand. 

'' Taking a broad view of the materials which I have now placed before 
the Society, bearing in mind the varying degrees of violence of eruptions ; 
the diflerence in the volume and in the density of the dust they eject, and 
the height to which it ascends, and, therefore, the time required for its de- 
scent to earth again ; tho widely-distributive efiects of high level atmospheric 
currents in dispersing quantities of infinitely comminuted particles in every 
direction and to great distances ; and tho numerous instances of the unusual 
haze which seems to accompany catarrhal epidemics, I think we have, if not 
conclusive, at least very strong, presumptive evidence which points to but 
one origin for Influenza, and that is volcanic dust. And further, that 
meteorological conditions — the circulation of the atmosphere in cyclones and 
anticyclones, upward and downward currents — arc essential for spreading 
the cause of the disease to every quarter of the globe. No other hypothesis 
can account for the Influenza epidemics of the past two years being as uni- 
versal as th« phenomena which resulted from the Sunda Straits disaster. 
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** It is highly desirable, therefore, that on all future occasions of volcanic 
violence observations of a more precise character than have hitherto been 
thought necessary should be registered. There should be records at places 
situated as near as possible to active craters from which we could obtain 
particulars as to the height attained by the ejected materials, the directions 
in which the clouds of dust arc carried, and other things which cannot be 
seen at great distances. Away from the scenes of disaster a closer investi- 
gation of sky glows from their first appearance, spectroscopic and other 
observations bearing on the character of the material causing the glows, 
the movements of upper currents, the distribution of pressure as shown 
by weather charts, the presence of the pale blue mist which has been al- 
luded to, and the changes, if any, in the chemical constitution of the air we 
breathe, should be undertaken. It is only by so doing that we can hope 
to obtain direct proofs to decide what is of the very highest importance to 
the human race. From the scientific standpoint, the question is one which 
in the first place concerns seismologists. When they anticipate an out- 
break of volcanic activity, it is time for meteorologists to be ready for obser- 
vations of atmospheric events, and when they in their turn can discover 
signs of the imminent descent of Influenza poison, chemists and the medical 
profession must be called upon to take up the thread of the approaching 
change." 



DISCUSSION. 

Rev. F. W. Stow, in a communication to the Secretary, said : — " At the 
beginning of January Influenza was very prevalent in the district lying further 
down the valley (Wensleydale), and from 5 to 10 miles to the east and east- 
north-east of us. We expected it here, but it did not come. Our doctor told 
mo that he had expected it daily for a fortnight. The wind during this time 
was generally North-west, blowmg off the moors, as also South and South-west 
winds do. There were 19 observations of wind. West to North inclusive, 3 of 
North-north-east. 1 of South, 2 of South-west, 4 of calm up to January 14th, 
when the wind changed to East, blowing from the infected districts for 5 days. 
Immediately cases of influenza appeared all over my parish, which covers 40 
square miles, and also beyond us, further up Wensleydale to the west, in villages 
and farms from 3 to 12 miles apart or more. Within a week some 3 or 4 per 
cent, of the population were seized by it. The cases were mostly not severe, out 
decided. There have happily been no deaths within my parish. 

" Since January 21st the wind has been Westerly. 

^' Fresh cases have been fewer in number since tnen, but the epidemic is by no 
means over (February 11th). 

^* I am no doctor, and have no theory as to the behaviour of bacilli. I presume 
that no one doubts that all infection is somehow due to these. I would not 
venture to doubt that to some extent influenza is communicable from one person 
to another. I had rather submit the facts, and leave those who understand the 
natural history of bacteria to explain them. 

" But 5 1 would just venture to observe that the facts above stated show that it 
is impossible that the infection could have been conveyed from one person to 
another so as to invade so large a district simultaneously. It must have been in 
the air, and it looks very much as if it came with the East wind. Both baro- 
meter and thermometer were as low before it came as at the time of the outbreak. 
As far as I can see, the difference in the direction of the wind was the only 
meteorological condition which differentiated the time of the outbreak from tlie 
prc'ce<ling." 
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Dr. J. EwART, in a letter to the Secretary, said : — 

" The old atmospheric theory of the spread of epidemics has been a very con- 
venient one. The germ theory and more exact methods of research and testing 
of knowledge, to my mind, explain satisfactorily the origin, germination, develop- 
ment, growth and spread of infectious disorders. The atmosphere and its varying 
conditions just probably play the same part in retarding or promoting microbic 
growth and propagation as we know they do in regard to those of the animals 
and plants.'* 

The President (Dr. Theodore Williams V after expressing the obligations 
which the Society were under to Mr. Bussell and Mr. Harries for their com- 
munications, said that both papers were especially interesting because they dealt 
with different sides of the same question, viz. the origin of influenza epidemics 
and th^ means by which they were spread. Mr. Bussell had used the material 
upon which he had based his conclusions in a very able manner. Dr. Parsons's 
valuable report having, in particular, been skilfully utilised. He (Dr. Williams) 
was strongly inclined to hold to the idea that contagion was the principed factor 
in the spread of influenza. There were three considerations which he thought 
fevotured this conclusion. First, influenza did not seem to have any connection 
with meteorological conditions, and did not appear to be influenced by wind, 
temperature, or any other of the elements which are included imder the term 
' weather,* neither were its ravages confined to, or its progress aflected by, any 
particular climate, hot and cold countries, all over the world, suffering alike from 
the epidemic. Secondly, the spread of the malady clearly followed the principal 
channels or routes of human intercourse. Thirdly, in plg.ces where the popu- 
lation was large, there the disease spread rapidly, while in thinly populated 
districts the rate of its progress was slow. Another point was, that ports were 
the first places attacked, the epidemic afterwards appearing in isolated country 
towns in cases where communications with an infected area had taken place. 
One peculiarity in connection with the diffusion of influenza was, that when it 
made its appearance in a house, it frequently happened that nearly the 
whole of the household fell victims to the mialady at once, and were not attacked 
one by one as was generally the case with other contagious disorders, such as, 
for instance, scarlet fever. But this perhaps was not so dif&cult to account for 
as, at ftrst sight, it appeared to be, for it must be remembered that the incubation 
period of the germ of this complaint was very short, and further it was quite 
possible for the individual who had brought the infection into a house to 
disseminate suf&cient microbes to infect three or four, or even more persons. 
Immunity from infection was principally found among persons who did not 
mingle in ordinary intercourse. For instance in prisons, it was the warders 
who were attacked, they having intercourse with the outside world, the prisoners 
(and particularly those kept in solitary confinement) almost entirely escaping. 
Similarly in Lunatic Asylums the patients suffered but very slightly, but the 
majority of the officials became victims to influenza, they having mingled with 
persons in infected areas outside the institutions with whicn they were connected. 
At the Hospital for Consumption at Brompton the epidemic had been severely 
experienced, but it was the nurses who were flrst attacked, they, as in the case 
of the prison and asylum officials, being permitted to visit persons outside the 
precincts of the institution in which they laboured. At one time, indeed, 
nearly all the nurses were down with influenza, and the admission of patients 
to the hospital was suspended for a fortnight in consequence. A considerable 
number of patients were attacked afterwards, but not in so large a proportion as 
the nurses were. On the first occasion of its appearance at Brompton, the 
disease was not regarded as contagious, but in the recent visitation more or less 
complete isolation of influenza cases was practised, with the result that not 
nearly so large a number of persons were attacked, nor was the disease of so 
severe a type as in the first epidemic. Begarding Mr. Harries's theory that the 
visitations of influenza epidemics were due to the deposition of dust thrown up 
in volcanic eruptions, he had always imderstood that in the case of the Krakatoa 
eruption in August 1883, the dust emitted from the volcano only occupied ten 
days in encirclmg the world, and this being the fact, surely the dust shower 
ought to have become less and less, and the influenza epidemic, if at aU con- 
nected with it, have commenced much earlier than 1889, and gradually decreased 
io vimlence. Tb^t toOi if ix^v^^nzft Wfts t^Q r^fif^lt 9i ^9^om9 Miyi^yt wby 
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Blioiild it not extensively prevail in the immediate vicinity of the scene of an 
eruption, and why Bhomd it not be always found in the neighbourhood of volca- 
noes wliich were continuously active ? For example, the inhabitants of the island 
of Sicily should be peculiarly liable to influenza epidemics, from the presence of 
Etna, and those of Naples from that of Vesuvius, but he had never heard thai 
such was the case. If the volcanic dust theory of influenza origin was correct, 
then no part of the world should bo free from the influence of influenza epidemics, 
but in Dr. Parsons's Report it was shown that the Fiji Islands, which had on 
previous occasions greatly sufl'ered from epidemics of measles and other com- 
plaints, had been exempt from influenza. New Guinea and the Falkland Isles 
were also free. It was not easy to understand why they should have escaped 
if the influenza was spread by atmospheric influence. 

Dr. Lawson said that, for the last thirty years, he had paid much attention 
to the study of epidemics, and he now offered the following remarks on the 
papers just read. Ho thought Mr. Harries had missed the point which Dr. 
Prout had emphasised in connection with his observations on the weight of 
air in 1882, which was that, after carrying on there (in London) for six weeks, 
the wind came to East on Febniary 9th, when there was a small though distinct 
increase of weight, which continued with slight fluctuation for another six weeks 
while the experiments lasted. Dr. Prout attributed this increase to the 
diffusion of some matter heaA*ier than air in the lower strata of the atmosphere, 
and mentioned that the first case of cholera in London occiu"red immediately 
after. He (Dr. Lawson) had carried on meteorological observations for ten years 
to ascertain whether there were any connection between the spread of epidemics 
and the weather, but ho had failed to estabhsh any such relation between them. 
The expressions "Epidemic Cause," *' Epidemic Influence," are merely con- 
ventional terms to represent those factors w^ich are engaged in generating and 
difl'using them, until these factors can be adequately described. Epidemic 
influence appeared to act in localities where facilities for its development were to 
be found. Large towns, at a great distance apart, were often sin^arly affected 
while isolated country places escaped for some time, and even, occasionally, were 
entirely exempt. He then entered on the question of how far personal contagion 
was concerned in the spread of epidemics, and said that imless local conditions 
could be excluded, commimication from man to man could not be established : 
to illustrate this position he gave the following instance, one of many establishing 
the same point, he was acquainted with. There was a severe epidemic of yellow 
fever at Sierra Leone in 1865, and the /m, a receiving ship for the Navy, lying 
there, had had several fatal cases among those on board in Novemoer and 
December. The Bristoly a 50 gun frigate with a crew of 500 men, arrived fit)m 
England on December 25th, and anchored in the open sea, some few miles from 
where the his lay. As it was thought the latter was in an unhealthy position, 
116 men and officers from the Bristol were sent to her on December 28th and 29th, 
who removed her to another position ; these men returned to the Bnntol each 
night without going on shore. Two of them were attacked with yellow fever on 
December 8l8t, twenty on January 1st, 1866, and sixteen more up to January 
12th, and twenty-one died on board the Bristol ^ and two afterwards at Ascension. 
Now had those men remained on board the Isis it is highly probable the great 
majority of them would have been attacked within a month, and at least half 
would have died, and it would have been quoted as a marked case of commnni- 
cation of tlie disease from man to man ; but removal from the Isisio the Bristol was 
from the unliealthy locality to a healthy one, and no further spread of the fever 
took place, no one having been attacked who had not been exposed in the /ai*. 
(Mil rati LectnirHf 1888, p. .00.) In none of the numerous appearances of 
influenza mentioned in ilr. Rollo Kussell's paper was any attempt made to 
separate the local influences at the time, and consequently his conclusions are 
altogether unreliable. Mr. Harries's theory that the late influenza epidemic 
was caused by the dust from a volcanic eruption is one which has been 
frequently advanced, but hitherto the connection between the two phenomena 
has never been established. 

Dr. Parsons said that Mr. Russell had so thoroughly grasped the facts given 
in his (the speaker's) Report on the influenza epidemics, that it was imnecessary 
for him to say an;^hing further concerning the contagion hypothesis. As re- 
goffded the Yolcanio dust theory, he considered that if this iden were correct the 
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epidemio of influenza should have commenced in the immediate vicinity of 
volcanic action and shortly after the eruption ; for much of the dust would soon 
fall to the ground. Loolang down the Hst of eruptions given by Mr. Harries, 
it was very noticeable that violent volcanic activity prevailed at least once in 
every ten years, so that it would not be a very difficult matter to find instances 
of eruptions which would correspond with the prevalence of influenza epidemics. 
The rapidity of travel of the epidemic influence had been used as an argument in 
favour of the theory of atmospheric origin, but it had been clearly shown that 
the disease did not spread at a faster rate than the movements of human beings 
from place to place. The case of the outbreak at Aysgarth described by the 
Bev. F. W. Stow did not appear to be incompatible with difiPusion by contagion, 
as doubtless the farmers attended local ma&ets, and inmates of the various 
farm-houses were present at the Sunday services in either church or chapel, all 
of which communication would afford opportunities for the propagation of the 
disease. Gonoeming the question of the almost simultaneous attack of whole 
populaces and households, such occurrences did not appear in the investigation 
he had made, as it was invariably found that there were a few first cases from 
which others rapidly spread. In the case of an Industrial School at Southwark, at 
which the inmates were not allowed out in the streets, influenza did not appear 
untD after it had prevailed for a fortnight among the population around ; nor 
then until the contagion was brought into the school by some of the staff. In 
Birmingham, too, the inmates of a lunatic asylum were not attacked until a 
month later than the prisoners confined in the adjoining gaol. Why were they 
not attacked at the same time ? It could hardlv be supposed that the volcanic 
dust descended on one institution and left the otner untouched for a time. The 
incubation period for influenza was very short, sometimes only 24 hours, 
so that the epidemic spread very rapidly, and at a much greater rate than other 
infectious disorders, such as small pox, the incubation period of which was 
twelve days. Taking the incubation period of influenza as two days, and 
supposing each case to give rise to two others, a very simple calculation showed 
that at the end of the twelfth day 126 cases would have arisen from the first 
case, whereas, with small pox, two fresh cases only would have occurred. It 
was certainly unwise to reason that influenza was not contagious because some 
persons who were in infected districts escaped, for in the case of other ad- 
mittedly highly infectious disorders personEd susceptibility varied and some 
persons exposed to contagious influences did not develope the disease. Dr. 
Barry had shown that during the great epidemic of small pox in Sheffield, in 
1887-8, of those persons living in infected households who had not been protected 
either by vaccination or bv a previous attack of small pox, 25 per cent were un- 
affected by the disease although in such close contact with the contagion. The 
high rate of mortality from influenza in the agricultural districts did not appear 
to be due to any greater prevalence of the disorder among people exposed to the 
open air, but was apparently explained by the fsict that a larger proportion of 
elderly people was to be found in country villages than in towns ; influenza 
being pecunarly fatal to persons of advanced years. He did not pretend to be 
able to completely explaon all the puzzling questions which arose in connection 
with the recent visitations of influenza, ana there still appeared to be some 
mystery attaching to the development and progress of the epidemics. Influenza 
was considered to have first appeared in the south-east of England towards the 
dose of 1889, and began to be epidemic in London about January 1st, 1890. In 
the course of a few weeks it had spread to all parts of the Kingdom, though some 
remote places in mountainous districts in the north of England, South Wales, 
and Devonshire, were not attacked until March. This first outbreak seemed to 
have graduaUy died out, and influenza was not heard of in an epidemic form 
mitil February or March 1891, when it appeared at Hull, whence it spread to the 
surrounding districts. Early in April a very serious outbreak was experienced 
at Sheffield and from thence it was believed to have been carried to London by a 
large number of persons who came to the metropolis for the purpose of giving 
evidence in connection with a bill before Parliament. Many members of 
Parliament were early attacked. The epidemic appeared to have commenced 
in London at about tne end of April, and from London as before it spread with 
great rapidity all over the country. This second epidemic died out during the 
summer of 1891, although in some localities it could not be said to have entirely 
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disappeared ; but in September 1891, inflnenza ac:ain broke out as an epidemic, 
chieHy in two centres, one in Scotland and the other in the west of England, 
the Scottish centre spreading southwards, and the infection from the western 
centre moving in an easterly direction. The third visitation of influenza began 
in London about December, and soon after Christmas the epidemic extensively 
prevailed, eventually rapidly spreading over the whole country. In each in- 
stance the epidemic, once it had established itself in London, spread rapidly 
through the country, owing, as the speaker thought, to the frequent conmiunica- 
tions between ^1 parts of the Metropolis. But besides the contagious nature 
of the disease, the history given seems to show that some other factor or factors 
are necessary to account for its epidemic spread at one time and not at another. 
One of these factors appears to bo the aggregation of susceptible persons, with 
consequent concentration of the poison, but of others the nature is unknown, 
possibly they may be partly meteorological. 

Dr. AxTHAUS said that the mass of eWdence which had been accumulated 
concerning the recent epidemics of influenza had become so complete, that he 
had no hesitation in subscribing to the theory that the spread of influenza was 
duo to contagion. He narrated an instance of influenza having been brought 
on board a ship by a first-class passenger, who, while suffering from the com- 
plaint, was attended by the sliip's doctor and steward, both of whom were 
subsequently attacked ; the infection afterwards spreading over the ship -until 
fully 50 per cent of the crew fell victims to the malady. Interesting instances 
were also afforded by the caretakers of the Hospices m the Alps, as it had been 
foimd that the appearance of influenza among these men, who were placed in 
such isolated spots, could always be traced to contagion. One hospice, in par- 
ticular, showed clearly that the outbreak of influenza within the building was 
duo to infection through personal communication with an infected area. On 
one Sunday a caretaker visited the \'illage below the hospice, returning the same 
evening. Nine days afterwards one of his companions was attacked by influenza. 
The doctor was at first considerably puzzled to know how this man had 
contracted the disease, as supposing the infection to have been brought to the 
hospice by the caretaker who had \4sited the village (no other inmate of the 
institution having had personal communication with the outside world), the 
influenza should have appeared a week earlier. After some inquiry,^ however, 
he foimd that the suit of clothes worn by the caretaker on the occasion of his 
visit to the village, were those which he was only accustomed to wear on 
Sundays. These clothes, in which the infection undoubtedly was, were put 
away with his companion's, and neither set of garments were worn imtil the 
following Simday, with the result that two days afterwards influenza was 
developed by the caretaker whose clothes had been in contact with those worn 
by his fellow caretaker when visiting in the village nine days previously. The 
staff in charge of the observatory on the smnmit of the Santis had all remained 
in good health because none of them went down the mountain while the 
epidemic was raging in the districts below. He could not agree that volcanic 
eruptions produced influenza, for he had been in Sicily when Mount Etna had. been 
in a state of considerable activity, but had not heard of any cases of influenza 
following the outbreak of the volcanoes. In the Lipari Islands, more particu- 
larly in Stromboli, eruptions occurred habitually every five minutes or so, 
yet influenza appeared to be unknown there. 

Dr. W. Bezlt Thorne said that he was glad to learn from Dr. Parsons that 
there was still some mystery surrounding the recent influenza outbreaks. As a 
medical prax^titioner he could say that since 1889, there had not been a longer 
consecutive period than a fortnight during which he had no case of influenza 
under his care. The variation in the infectiousness of influenza attacks was 
very puzzling, for now the characteristics of the malady were well known he was 
perfectly certain that he had treated at least three cases of genuine influenza 
long before the disease became general in 1889. These patients, too, had 
themselves recognised their symptoms, and had ventured to inform him that ho 
had mistaken their ailment for some other complaint. The curious point about 
these cases was that no other person had been infected by them. He could not 
help thinking that it was possible that some unknown condition of the atmo- 
sphere had been at work in epidemic periods assisting in the propagation of the 
influenza germs. 
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Dr. T. Gilbert Smith thought that there was something to be said for both the 
atmospheric hypothesis of the spread of influenza and the theory of its diflusion 
by contagion. Influenza was, without doubt, a contagious disease, but there 
appeared to be something more than mere contagion at work to account for 
the manner in which the epidemic was disseminated. It was well known that 
the spread of cholera could bo traced along the lines of caravan routes, but the 
propagation of influenza did not appear to have always followed the main 
channels of human communication. Between Berlin and London, for instance, 
intercourse was exceedingly frequent, yet although the influenza was raging in 
Berlin in October 1889, he had only one case of influenza brought under his 
notice at that time in the eastern district of London where he laboured, and this 
did not prove to be infectious. If the infection theory was the true explanation 
of the epidemic character of influenza, then the densely populated locahties 
should have suffered most. Such, however, was not the case, for the inhabitants 
of the crowded neighbourhood of Whitechapel had not been afflicted in so 
great a proportion as persons residing in the western end of London, the district 
in which the last speaker had the privilege of working. Then too, Dublin and 
Cork, although in frequent and direct communication with London by means of 
the Irish Mail and other channels of intercourse, enjoyed comparative immunity 
from the influenza epidemic. There were a good many considerations which 
led one to hesitate in unreserv^edly accepting the idea that contagion was wholly 
responsible for the spread of influenza. It did not follow that because the 
disease was not evenly distributed over a tract of country that it was therefore 
not in some measure due to, or influenced by, any atmospheric condition. 
Atmospheric conditions were by no means evenly distributed, and only the 
previous evening he had particularly noticed, when traversing the London streets, 
that, irrespective of any difference in the description of paving, some roads were 
frozen quite hard, rendering locomotion difficult, while others were damp 
and soft. 

Mr. Symons said that he thought that it was quite possible that some of the 
dust ejected in the eruption of Erakatoa was still present in the atmosphere. 
The heavier particles reached the surface of the earth soon after the eruption, 
and if any were still descending they must be microscopic fragments of pulver- 
ised pumice, or minute particles of glass. He certainly could not see why the 
fall of these exceedingly fine dust particles should produce influenza among 
the inhabitants of the eaj*th. 

Hon. F. A. R. Russell, in reply, said that in the case of the keepers of the 
Casqnets lighthouse, mentioned by Mr. Harries as an instance where influenza 
broke out without the persons affected having had communication with an infected 
area, it had been reported that one of the men had a short time previously come 
from Guernsey, where the epidemic was very severe at the time. He thought 
there was great difficulty in accepting the view that the dust emitted in the 
eruption of Erakatoa was able to affect us now, as when the dust reached the 
region of cloud, rain, and wind, it would soon be brought to the ground, and 
daring the last few years there had been no sign of any unusual constituent of the 
atmosphere. If volcanic dust could affect humanity in the way suggested by Mr. 
Harries, then an exceedingly serious epidemic should have been experienced 
after the great volcanic eruptions in 1783, when Europe was for weeks covered 
with a dense haze in the lower air. The remarks of Dr. Althaus afforded very 
interesting evidence of the effect of immediate infection in spreading influenza to 
remote places. With reference to what Dr. Lawson had said concerning yellow 
fever in relation to contagion, the material concerned in that malady was capable of 
thriving in outside soil such as might bo foimd in mud and bilge water, and would 
be copiously emitted from these media. Influenza did not increase at so great a rate 
when a strong wind was blowing as when the air was calm ; this was probably 
due to the fact that more air passed through our rooms and ventilation generally 
speaking was greatly improved in windy weather. Considering the extreme 
minuteness of the organism, it seems possible that in the organically 
contaminated air of close places, and in the deposits of vapour on the walls, 
where the air is impure, it may find a pabulum capable of supporting it for a 
short time. The rapid spread of influenza from place to place is best explained 
by a high infectivity of the organism, and its first effective incidence not always 
on those who have been most exposed to it, but on those who ore most highly 
snsceptible. 
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Mr. Harries, in reply, said that the fact that Fiji had not been attacked was 
not an argument against his theory but against that of infection, for Fiji, being 
one of the principal ports of call for trans-Pacific traders, ought to have been 
infected both from Australia and from America. Then again Hull and the 
northern towTis were attacked towards the end of February and beginning of 
March 1891, yet in spite of almost hoiurly intercourse with southern towns 
London was not affected until late in April, a fact which lends itself neither to 
the wholly infectious theory, nor to the \'iew that the rate at which the disease 
spreads is proportional to the facilities for intercommunication, the principal 
towns suffering first. Mr. Russell has adopted these ideas en bloc, but the 
facts do not justify such a sweeping conclusion, according to which the epidemic 
of 1889 ought to have travelled from St. Petersburg to Vienna, thence to Paris, 
and across the Channel to Dover and London within a few days. Instead of 
tliis we find the epidemic at Brest and at a little out-of-the-way village some miles 
from Grantham before the three capitals mentioned were affected ; it appears 
simultaneously on the Camarvonslure coast and in the United States a week or 
more l)efore London felt it ; and influenza prevailed in Honolulu by the time it 
was beginning to appear in the Channel Islands, and positively a month before 
Scilly was reaohed, although the islands at the mouth of the Channel were in 
constant commimication with English and French infected ports. Barbadocs 
is the * London ' of the West Indies, it is the point for which all ships make 
with passengers, merchandise, and mails, to be distributed thence by local ships 
amongst the islands of the Leeward group. But influenza reached Antigua and 
St. Vincent three months before a case had occurred at Barbadoes, the trade of 
the island with infected Europe and the infected local islands not having been 
interrupted in the meantime. Bombay was visited in December, and as was to 
be expected a convenient ship arrived from England about the same time, bat 
the fact is completely ignored that that vessel must have left our shores before 
there was the slightest suspicion of the malady having appeared in this conntry, 
and possibly before oven St. Petersburg was attacked at the close of November. 
Wliat Mr. Kussell's extracts show, and clearly too, is that the epidemic selected 
its own routes and rates of propagation, neither of which corresponded with the 
theory of infection pure and simple. The epidemic appeared in Northern Europe 
in November 1889, its general spread being southwards towards the tropics, 
reaching Barbadocs in April 1890 and the Gold Coast in May. Similarly New 
Zealand and Tasmania first felt it in the Southern Hemisphere in March 1890, 
the disease spreading northwards to the tropics, to New Guinea in June, to St. 
Helena and Mauritius in August, and Reunion in September. These &cts mi- 
questionably point to some other cause than mere infection, and the theory 
which he (Mr. Harries) now advanced explained this winter season ^tribntion 
in both hemispheres. Mr. Bussell spoke of tracking other plagues from their 
loced cultivation ground, but his paper did not contain a syllable which suggested 
that he had discovered the locsui cultivation ground of influenza. As to the 
objection made by the President and Drs. Parsons and Althaus that influenza is 
not always present in the vicinity of active volcanoes, he (Mr. Harries) thought 
that were it otherwise then his theory of diffusion by atmospheric circulation 
would at once fail. The grosser materials from the craters descend in the neigh- 
bourhood within a few minutes or a few hours, and would have no injurious effect 
on health, while the lighter dust ascending to greater elevations womd be quickly 
wafted away, possibly to undergo important chemical changes during its period 
of suspension, but it would be in the last degree improbable that it would 
descend again near the crater which ejected it. Vesuvius and Etna throw out 
dust (other than in great eruptions) suf&ciently high to be scattered in small 
quantities to most parts of Europe, and accordmg to his (Mr, Harries's) theory 
odd cases of true influenza shoiild be consequently of comparatively frequent 
occurrence, taking Europe as a whole, more frequent perhaps than even the 
medical profession is aware of, but of course epidemics like those of 1889-92 
would require great eruptions to supply the necessary pabulum to affect the 
whole world. With reference to Mr. Symons's doubt about Krakatoa dust 
being the cause of any illness, it would sufiice to remind him of the thousands of 
Londoners who succumb every winter because of a little extra burnt oo£d dust 
in the atmosphere. 
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NOTE ON A LIGHTNING DISCHARGE 

AT 

THORN BURY, GLOUCESTERSHIRE, JULY 22nd, 1891. 
By ERNEST H. COOK, D.So. (Lond.) 



[Received December 16th, 1891.— Ecad February 17tb, 1892.] 

On July 22nd, 1891, the district of Thombury, in Gloucestershire, was 
visited by three severe thunderstorms. The first of these occurred at about 
6 a.m., the second at 2.30 p.m., and the third at 4 p.m. Each storm came 
from the west and proceeded to the oast. The velocity was moderately high, 
and it was a peculiarity that, as far as the district in question is concerned, 
only one vivid flash was observed in each storm. During the progress of the 
second storm the tree represented in the photographs shown to the meeting 
was struck. Before reaching the tree the storm passed over an almost per- 
fectly flat low-lying district between Chepstow and Thornbury. 

The tree was a young oak about 50 feet high, and in full and vigorous 
growth. It measured 5 feet 9 inches in girth at the base, and 5 feet 3 
inches at a height of 6 feet from the ground. The lowest branch left at a 
height of 7 feet. The sister tree, still standing, is at a distance of IG yards, 
and a smaller tree is at a diagonal distance of 13 yards, the hedges between 
meeting at right angles. Twenty-flve yards behind, but to the south, is a 
plantation containing many individual members of greater height. A small 
ditch containing water runs at the base of the tree in question and its sister 
tree, and forms the boundary of two fields ; its course lying due north and 
south. 

A very intelligent young farmer who saw the occurrence states that he saw 
the tree fall before he saw the lightning. This did not appear to come from 
the clouds, but straight over the tree, and looked like a ball of fire and not a 
flash. The noise of the thunder was tremendous, and heavy rain imme- 
diately followed. He was at work in a rick barton at a distance of about 60 
yards, with a knife in his right hand, and experienced a violent tingling sen- 
sation in his right arm which lasted for about two hours after the shock. 
The branches were torn off* the tree iit the places where they left the trunk. 
The trunk was entirely stripped of its bark, which was scattered in small 
pieces in all directions around to considerable distances, and at the same 
time was split longitudinally in innumerable places. These splits are more 
or less par^lel and run from the outside to the central pith. They are of 
all degrees of size, from an opening of 6 inches to a hair split. Although 
the trunk was completely stripped of bark, the branches were not touched. 

The discharge illustrates what may be called the vagaries of lightning, for. 
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alihoagh separated by a distance of only a few yards from a similar tree of 
the same height, this second tree is quite nninjared. Neither can we regard 
the discharge as taking the most prominent object on the landscape, for at 
a short distance (25 yards) to the soath-west is the wood containing nnmerons 
trees of Tory much greater height. The explanation of this, however, is 
probably to be found in the circamstance of the ditch at the base of the tree. 
There is no water at the base of the taller trees, and, therefore, they were 
not selected as the conducting channel. 

The entire removal of the bark from the main trunk, and its splitting, 
while the branches, except being torn off, are apparently uninjured, indi- 
cates that little resistance was experienced to the passage of the electricity 
until the junctions of the branches and trunk were reached, but that at 
these points the insufficient conducting power of the trunk caused an enor- 
mous opposition which could only be overcome by the tearing away of tha 
branches, the splitting of the trunk, and the removal of the bark. Tha^ 
dried-up ceUs of the outer layer of this bark were deficient in conducting' 
power, but the young moist cells of the inner layer contained the necessary 
fluid, hence the selection of this path by the electricity, and the entire re- 
moval of the bark. The splitting indicates the passage of the electricity 
through the wood from this layer to the central pith, which with its cells 
full of fluid affords an extra conducting passage to the water at the base. 

The appearance of the flash, as described, seems to indicate that the dis- 
charge was what is known as ** globular.** The falling of the tree, before 
the flash was observed, is an interesting feature. I have carefully questioned 
the observer, and can find no reason whatever to doubt the correctness of 
the statement. 

Attention is directed to the lateral shock felt at a distance of 60 yards as 
a point of some interest. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY, 

Januaby 27th, 1892. 
Ordinary Meeting. 
Dr. W. Marcet, F.R.S., Vice-President, in the Chair. 
The following resolutions were proposed by the Cn airman and agreed to : — 

1. ^' That this Meeting desires to record its profound sorrow for the great 
loss which Her Most Gracious Majesty the Queen and the Nation have sus- 
tained in the death of H.H.H. The Duke of Clarence and Avondale, and to 
express its fervent hope that the knowledge of the universal sympathv felt by 
Iier subjects may tend to soften the sorrow which has fallen on Her Majesty." 

2. " That this Meeting desires to record its profound sorrow at the great and 
ftudden blow which has fallen on Their Royal Highnesses the Prince and 
Trincess of Wales in the death of II.R.H. The Duke of Clarence and Avondalc, 
aind its hope that the knowledge of the universal grief and sympathy which 
liavc been felt and expressed in all parts of the world may in some degree tend 
lo alleviate their affliction.** 

3. '* That copies of the above resolutions be sent to Her Majesty and Their 
lioyal Highnesses respectively." 

Nathan Raw, M.D., B.S., The Infirmary, Bolton, was balloted for and duly 
elected a Fellow of the Society. 



January 27th, 1892. 

Annual General Meeting. 

Dr. W. Marcet, F.R.S., Vice-President, in the Chair. 

Mr. W. M. Beaufort and Mr. H. Harries were appointed Scrutineers of the 
Fallot for Officers and Council. 

Mr. Scott read the Report of the Council and the Balance Sheet for the past 
^ear (p. 68). 

It was proposed by the Chairman, seconded by Mr. Scott, and resolved : — 
"'That the Report of the Council be received and adopted, and printed in the 
Quarterlt/ Journal.'^ 

It was proposed by Dr. Williams, seconded by Mr. Mawley, and resolved :— 
"That the best thanks of the Royal Meteorological Society be communicated to 
the President and Council of the Institution of Civil Engineers for having 
granted the Society free permission to hold its Meetings in the rooms of the 
Institution.^' 

It was proposed by Mr. R. W. P. BiRCii, seconded by Mr. M. Jackson, «nd 
resolved : — " That the thanks of the Society be given to the Officers and other 
Members of the Council for their services during the past year." 

It was proposed by Mr. B. Woodd Smith^ seconded by Mr. F. B. Kdmondh, 
and resolved : — " That the thanks of the Society be given to the Standing Com- 
mittees and to the Auditors, and tliat the Committees be requested to continue 
their duties till the next Council Meeting." 
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Owin^ to the absence through illness of the Prctiident, Mr. Baldwin Latham, 
his Address on ** Evaporation and Condensation ** was read by Mr. Sjmons 
(p. 53). 

It was proposed by Mr. Eaton, seconded by Mr. Inwards, and resolved :— 
*^ That the thanks of the Society be given to Uie President for his services dur- 
ing the past year, and for his Address, and that he be requested to allow it to be 
printed in the Quarterly Journal,'' 

The Scrutineers declared the following gentlemen to be the Officers and 
Council for the ensuing year. 

President 
Charles Theodore Williahs, M.A., M.D., F.R.C.P. 

Vice-Presidents. 

Arthur Brewim. 
William Henry Dines, B.A. 
Baldwin Latham, M.Inst.C.E., F.G.S. 
Henrt Southall. 

Treasurer. 
Henrt Periqal, F.R.A.S., F.R.M.S. 

Trastees. 

Hon. Francis Albert Rollo Russell, M.A. 
Stephen William Silver, F.R.G.S. 

Secretaries. 

George James Symons, F.R.S. 

John Wiluam Tripe, M.D., M.R.C.F.Ed. 

Foreign Secretary. 
RoDERT Henry Scott, MJL.,F.R.S. 

GoonciL 

Francis Campbell Bayard, LL.M. 

Alexander Richardson Binnie, M.IiistC.E., F.G.s*. 

George Cuatterton, M.A., M.Inst.C E. 

Arthur William Clayden, M.A., F.G.S. 

William Ellis, F.R.A.S. 

Charles Harding. 

Richard Inwards, F.K.A.S. 

Admiral John Fearse Maclear, F.R.G.S. 

William Marcet, M.D., F.R,S., F.C.S. 

Henry John Marten, M.Inst.C.E. 

Edward M.vwley, F.R.H.S. 

William Blomefield Tkipp, M.Inst.C.E. 



February 17th, 1892. 

Ordinary Meeting. 

Dr. C. Theodore Wiluams, President, in tlie Chair. 

Capt. David S. Cromarty, 3 Pendennis Street, Anfield, l.iverpool ; 
Robert Godfrey, Assoc.M.lnst.C.E., King's Heath, Birmingham j 
Charles Shapley, 1 1 Strand, Toniuay ; 
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Edward James Smith, Park Royd, Halifax ; 
Edmund Kirby Spiegelhalter, Norton, Malton, Yorks ; 
Rev. Herbert Stewart, Nidderdale, Exmouth ; and 
Rev, Walter E. Stewart, M.A., Elcott Houie, Hurworth, Darlington, 
were balloted for and duly elected Fellows of the Society. 

The following letter was read : — 

" Marlborough House. 

'* Sir Francis Knollys is desired to convey to the Council and Fellows of the 
Royal Meteorological Society, the sincere thanks of the Prince and Princess of 
Wales for the sympathy they have expressed on the occasion of their Royal 
Highnesses* bereavement. 

" 6th Febniary, 1892." 

The following Papers were read : — 

" Report on the Phenological Observations for 1891." By Edward 
Mawley, F.R.MetSoc. (p. 99.) 

" TuE Untenability of an Atmospheric Hypothesis of Epidemics." By 
the Hon. F. A. Rollo Russell, M.A., F.R.Met.Soc. (p. 124.) 

" The Origin of Influenza Epidemics." By Henry Harries, F.R.Met.Soc. 
(p. 132.) 

"Note on a Lightning Discharge at Thornbury, Gloucestershire, 
July 22nd, 1891." By Ernest H. Cook, D.Sc. (p. 143.) 



CORRESPONDENCE AND NOTES. 

Remarkable Meteorological Phenomenon observed at Manicaland, 
East Africa, December 9th, 1891. By Lord Deerhurst. 

On the evening of December 9th, 1891, 1 wag rowing down the Pungwe river, 
Manicaland, Portuguese East Africa, with two friends, Mr. Bobbert of Mpanda, 
and Mr. Armytage of America, when at 6 p.m. or thereabouts, just before sunset, 
the moon having risen, and being almost directly overhead, we saw what, I 
thought, might prove of interest, as none of us had ever seen the like before. 

From the east we noticed a light blue streak in the sky very little darker than 
the blue of the heavens ; it was narrow at first, but gradually became broader and 
extended, getting darker as it did so (it got darker from the east, the densest 

Eart being in the east horizon), eventually passing between us and the moon, and 
eing lost in the west at the point where the sun was going down. This streak 
seemed quite transparent, and deepened, when fully up, from a very light blue in 
the west to almost indigo in the east. 

It passed, seemingly, between us and the clouds, and you could distinctly see 
them through it, also the moon. In fact it was as if one were looking through 
coloured spectacles or a veil at the heavens above. 

The clouds in the sky were few, in the west they were white, and in the east 
there were some of the most beautiful grey ones that I have ever seen. The 
sunset was extremely fine. 

After sunset the streak, which was about double the breadth of a rainbow, 
disappeared as it had come, and as it did so, left in the sky what looked like an 
aurora borealis, but of a heliotrope colour, and as night came on this disappeared 
and the sky was covered with white clouds, small undulating ones, which became 
thicker. 

This may or may not prove of interest, but we were much struck with it. 

Our position on the map was about 20 miles north-west of Beira, whicii is 
about lat. 19° S., long, 35° E. 
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TlIUNDERSTOBM AND FOG, ApBIL 17TU AND ISTU, 1892, AT MaLPAS, 

Cheshire. By Rev. C. Wolley Dod. 

On the evening of April 17th (Easter Sunday) between 9.45 and 10.15 several 
peals of thunder were heard eight or ten miles to the west in the direction of 
Ruabon and Wrexham. The wind for the last three days had been very vari- 
able, differing at different elevations. On the 17th it seemed nearly uniform and 
decided from North-north-west. This morning, 18th, there was snow from low 
clouds till noon. Then the clouds lifted, and a remarkable low drifting fog, 
reaching to 4 feet above the ground, advanced in a well defined line at about 4 
miles an hour from south-west, leaving half-an-hour later in the opposite direc- 
tion in an equally well defined line. This lower south-west current rapidly 
veered, and now (at 1.30 p.m.) the upper clouds are again north-west, the lower 
clouds being from west. 



Sunshine in the Bbitish Isles dubing the Ten Yeabs 1881-1890. 

The Meteorological Council have recently issued a work Ten Years Sunshine in 
the British Isles, 1881-1890, giving the results for each month of the working of 
the Campbell-Stokes Sunshine Recorder at some 46 stations. The tables give 
the totid sunshine recorded, and also the percentage of the possible amount for 
each month. The tables would have increased in value if the yearly amounts 
had also been given. 
The general results of the discussion appear to be : — 

1. That the sea coast receives more sunshine than the inland parts of the 
country. This is natural, as the sea coasts are low, as a rule) and clouds form 
inland where the ground rises to hills. 

2. Large manufacturing cities, like London and Glasgow, cannot fairly be 
compared even with stations in their immediate neighbourhood, particularly in 
winter. This is evidently due to smoke, which possibly affects to a certain ex- 
tent all town records. 

3. The south and west coast stations, and especially the Channel Islands, are 
particularly favoured in almost all months of the year. Jersey is the only sta- 
tion recording in any month, on the mean of the 10 years, an average of even one 
half of its possible miration of sunshine ; 52 per cent, was registered there in 
May, and 55 per cent, in August. Tlie highest figure for any other station was 
only 48 per cent. 

4. The east coast of Great Britain, as represented by Aberdeen, Geldeston, 
and Hillington, is comparatively sunny. In the case of Aberdeen, this is evi- 
dently due to the position of the observatory with the high Braemar mountains 
on its western side. 

5. In the summer and early autumn the north-west of Ireland, and of Scot- 
land with the Orkneys, receive very little sunshine. 

6. In the late autumn Ireland generally receives more sunshine than most of 
England. 

During the period under investigation, the month in which most sunshine was 
recorded over the United Kingdom was May 1882. In that month at least 50 
per cent, of possible duration was registered at 33 stations, being 25 in England 
and Wales, 5 in Ireland, 1 in Scotland, 1 in the Isle of Man, and 1 in Jersey^ 
The mean of all these stations gave 55 per cent. ; the highest figure was 61, an^ 
this was reached at Southboume and Geldeston. 

June 1887, Her Majesty's "Jubilee" month, was nearly equal to that just de 
Fcribed ; 50 per cent, was registered at 24 stations, being 17 in England, 5 - 
Ireland, 1 in the Isle of Man, and I in Jersey. The mean of all these statio 
was 56 per cent. The highest figure was 68 (Falmouth), and this was follow 
closely by Plymouth with 65. 

The months of July and August 1887 were also very cloudless, at least 
southern and eastern England. For these districts, therefore, the summer 
1887 was cxceptionallv sunnv, but no station in Ireland or over England no 
of latitude ^T (except Aspley Guise, Cambridge, Geldeston and Hillingt 
registered 50 per cent, after June. In July 17 stations surpassed 50 per cen 
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the average of these was 56, and the highest record 60 per cent, at Southampton 
and Jersey. In August 14 stations exceeded 50 per cent., being the same sta- 
tions as were cited for July with the exceptions of Greenwich, Glynde, and Cam- 
bridge, which fell short of 50. The average of the 14 stations was 58. The 
highest record ^as, as in July, at Jersey, and was 68. Falmouth was only 1 per 
cent, less, 67. 



Silver Thaw at Ben Nevis Observatory. 

Mr. R. C. Mossm an has discussed the phenomenon of silver thaw, or rain falling 
when the air is below the freezing point and congealing when it falls, which is 
somewhat of common occurrence at Ben Nevis Observatory. He says that " a 
prolonged fall of silver thaw occasioned considerable inconvenience to the ob- 
servers. Outside objects became covered with several inches of solid uncrystal- 
ised ice, through which their original outline could be but faintlv distinguished. 
The chimneys of the observatory became choked with ice, and as the ladder 
leading to them was in these circumstances impassable, the whole being frozen 
into a solid mass, the observers had to endure the discomforts of back draughts 
until a thaw came, when the ladder could be cleared without destroying the 
woodwork. The rain froze on the observers' coats, gloves, and even on their 
faces, and thus, the taking of outside observations was very disagreeable. By 
far the most serious effect of a fall of rain with a temperature below 32° was the 
choking up of the Stevenson Thermometer Screen. The log book of the obser- 
vatory teemed with such entries as ^' Louvres of Stevenson Screen badly choked 
with ice," &c. ; under these circumstances a fresh box was put out, the other 
being brought in to be thawed. 

In the six years 1885-90, 198 cases of silver thaw were observed, lasting, on 
an average, 4^ hours each. In December, January, and February, the average 
duration of each case was 6 hours, whereas during the other months of the year 
it did not continue more than 3 hours. Silver thaw was almost wholly confined 
to the winter months, nearly all the cases occurring from November to March. 

With the view of ascertaining under what weather conditions silver thaw 
took place, an examination was made of the daily weather charts for the 190 
days on which the cases were observed, with the result that on 137 days the dis- 
tribution of pressure was cyclonic and on 61 anticyclonic. The mean duration 
of the cyclonic cases was 8'2 hours, and the anticyclonic 7*6 hours. In anti- 
cyclonic conditions there was a cyclone central off the north-west coast of Nor- 
way, while the centre of the anticyclone was over the south of England and 
Ireland, but it was rarely central so far south as France. In cyclonic cases Ben 
Nevis was distinctly within the area of low pressure, the centre of which was 
off the north-west coast of Norway, while the anticyclone was more to the south 
over Uie Iberian Peninsula. The lowest temperature at which this phenomenon 
took place was 18°. It was of rare occurrence below 27°, fully 90% of the cases 
occurred between 28° and 31°*9, hence the greater number of cases occurred just 
before thaw. 

The winds were almost wholly confined to the western half of the compass, 
the mean velocity under cyclonic conditions being 21 miles per hour, and under 
non-cyclonic 17 miles per hour. An examination of storm charts for the day 
of silver thaw, as observed on Ben Nevis, disclosed a somewhat remarkable fact 
that 73% of the cyclonic and 63% of the anticyclonic cases of silver thaw at 
Ben Nevis were followed or preceded by gales at several stations on the north 
and north-west of Scotland. 
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.American Meteobolooioal Journal. A Monthly Review of Meteorology 
and Medical Climatology. January 1892. Vol. VIII. No. 9. 8vo. 

Contains among other information :— The verification of Weather Forecasts : 
Idv Prof. H. A. Hazen (4 pp.). — The mountain meteorological stations of the 
United States : by A. L. Rotch (10 pp.). The author gives a description of the 

NEW SERIES. VOL. XVm. L 



150 RECENT PUBLICATIONS. 

following observatories : Moant Washington, New Hampshire, 6,280 feet 
the sea : Blue Hill, ten miles south of Boston, Mass., 640 feet ; Pike*s 
Colorado. 14,134 feet ; and Mount Whitney, California, 11,600 feet.— Dl 
and intensity of rainfall at Rochester, N. i ., and vicinity : by E. Kuict* *-' 
(13 pp.). 

AXNXAIRE DE LA SoCDfeTt MtT^OBOLOGIQUE DE FrANCE. 1891. Oct<^^^ 

November. 4to. 

The principal paper is : — l^tude sur les relations da gradient et de la forc^ 
vent appliqa^ A la provision da temps : par G. Guilbert (17 pp.). The exces^^ 
wind over the average being followed as a consequence by an excess of prcs^^ ]] 
is a most remarkable phenomena. The scientific explanation of this might, 
author believes, serve as a foundation for new theories, but his incapacity in s^*^ 
complicated matters will not allow him to attack the question, so he merely p ^^ 
forward an hypothesis. This hypothesis would be to observe in the case of e^^ 
excess of wind the resultant of a contest between two opposite forces, t;^ 
cyclones and the anticyclones, both subject to movements often contrary 
direction. It is then evident that the simultaneous and comparative study a^^ 
examination of isobaric charts, and of cloud movements, would be most sidva^^ 
tageous. and would certainly yield splendid results. The combination of tf^ 
two methods is indispensable for forecasts embracing every meteorological phi 
nomenon. 

JouBNAL OF THE SCOTTISH Meteoeological Societt. Third Series. N 
Vm. 8vo. 1892. 

This contains several papers relating to the meteorology of Ben Nevis, viz-^ 
1. Silver Thaw : by R. C. Mossman (see p. 149.). — 2. Preliminary Notes on ob — 
servations of Dust-particles : by A. Rankin (8 pp.). The greatest amount of dust^ 
occurs in the spring months, when Easterly and South-easterly winds are most- 
prevalent both at sea level, and also on Ben Nevis. — 3. The influence of high 
winds on the barometer : by Dr. Buchan (5 pp.). — 4. Certain relations of pres- 
sure and temperature at the Ben Nevis Observatories : by Dr. Buchan (3 pp.). 
The object of this investigation was to ascertain the differences of atmospheric 
pressure, reduced to sea-level, which. accompany differences of temperature, as 
observed at the observatories on the top of Ben Nevis and at Fort William. 
The author finds that when the higher ooservatory has the higher temperature, 
and when the differences of temperature at the two observatories are small, then 
the reduced pressure at the top of the mountain is the greater of the two ; but 
when the differences of temperature are very large, then the reduced pressure 
at the top is the less of the two.^^ontribution to the meteorology of Central 
Africa : by Dr. Buchan (4 pp.). This gives the results of observations made at 
Fwambo, 40 miles south-east of Lake Tanganyika, from November 1887 to 
January 1888, and at Kavada Island, on Lake TanganyikiL from June 1889 to 
May 1890, by the Rev. R. S. Wright. — Influenza ana Weather of London in 
1891 : by Sir A. Mitchell and Dr. Buchan (6 pp.). 

Meteobolooisohb Zsitsghbift. Redigirt von Dr. J. Hakn and Dr. G. 
EEellmann. January to March 1892. Svo. 

The principal articles are : — Alexis v. Tillo : Die Vertheilung des Luftdruckes 
im G^biete des Russischen Reiches and des Asiatischen Kontinentes auf Grund 
der Beobachtunfien von 1836-85 (11 pp.). This is a summary by Dr. K5ppen 
of General vonTillo*s great work wnich appeared last autumn. It is unfor- 
tunately inaccessible to most English readers, being in Russian with a very 
short anstract in French. The book appears as Vol. XXI. of the Memoirs 

iSapiski) of the Russian Geographical Society. It treats of the pressure for 
tie half century 1836-85, and aeals ¥rith the records by lustra. The text is ac- 
companied by an atlas of 69 maps, which, at least, are internationally intelligible. 
Meteorologists will be very grateful to Dr. Koppen for the pains he has taken to 
inform them of the contents of this great work, — Stadtnebel und ihre Wirkan- 
gen : von W. J. Russell (9 pp.). This is a translation of Dr. Russell's Fog Paper 
which appeared in Nature^ November 1891.— Die Warmestrahlung der atmo- 
sph&rischen Luft: von Dr. W. Trabert (6 pp.). This is an attempt to ascer- 
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tain the amount of heat conveyed to, and lost by, the atmosphere by radiation, 
irre«pective, of course, of insolation. — Die Veranderlichkeit aer Temperatur in 
Oesterreich : von Dr. J. Hann (27 pp.). This is an abbreviated edition of Dr. 
Mann's great paper on Temperature Variability. — Ein neues Instrument zur 
Bestimmnng von Dampfspannungen bei niedrigen Temperaturen : von K. Son- 
den (8 pp.). This is an apparatus which is intended for physical experiments, 
not for meteorological observations. It was first constructed to test the humi- 
^ty of the air contained in the pores of building materials, but it serves very 
irell to test the determinations of humidity made by any hygrometers below 
tte freezing point. 

^The Rainfall of Jamaica. Thirteen Maps showing the Average Rainfall 
in each Month and daring the Year. With explanatory text. By 
Maxwell Hall, M.A., Jamaica Goyemment Meteorologist. (Special 
Pablications of the Institute of Jamaica. No. I.). Foolscap folio. 
1891. 

These maps are based upon rainfall registers kept at 153 stations in Jamaica, 
£rom about 1870 to the end of 1889. The north-eastern and northern divisions 
of the island have winter rains in November, December and January, and the 
north-eastern and west central divisions have summer rains, while the southern 
division is dry, having rains for the most part only during the May and October 
seasons. The yearly rainfall varies from thirty to thirty-five inches in a few 
places to over one hundred inches in the north-eastern division. 

Report of the British Association for the Advancement of Science. 
1891. Cardiff Meeting. 8yo. 948 pp. 1892. 

This contains several papers on meteorological subjects, among which may be 
mentioned the following : — Report of the Committee on Meteorological Photo- 
graphy (10 pp.). — Report of the Committee on the Meteorological Observations 
on ben Nevis (7 pp.). — Report of the Committee on the Seasonable Variations 
in the temperatures of lakes, rivers, and estuaries (58 pp.)- 

Stmoms's Monthly Meteorological Magazine. February-April 1892. 
Vol. XXVn. Nos. 818-815. 8yo. 

The principal articles are : — Town Fogs (9 pp.). This is a comparison of the 
fog records at Brixton and Westminster and Camden Square, wliich shows that 
there are nearly three times as many fogs at the former places as at Camden 
Square. This article led to some correspondence on the subject from Mr. F. J. 
Brodie, Mr. J. W. Scott, Mr. A. Brewin, and Rev. J. Slatter. — The severe frost 
of February 1892 (5 pp.). On the morning of the 17th the greatest cold was 
near the centre of England, the temperature at Loughborough falling to— 0°*5 ; 
and on the 19th it was even colder in the north of England and the south of 
Scotland, the lowest temperatures being— 2°*0 at Newton Reigny, Penrith, and 

'^'2 at Norton, Malton. 
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THE VALUE OF METEOROLOGICAL INSTRUMENTS IN 
THE SELECTION OF HEALTH RESORTS. 

An Address delivered to the Royal Meteorological Society, 

March 16th, 1892. 

By C. THEODORE WILLIAMS, M.A., M.D., F.R.C.P., 

President. 



lOLOGY is undoubtedly the basis of all sound climatolopry ; and the 

if a patient observation of tenipcTaturo, of moisture, of air pressure 

ind, for a series of years, are the best foundation for the claim of a 

afessin*^ to be a sanitarium ; but wo must bear in mind that we 

only to record scientific observations on the meteorological elements 

w conclusions from them, and to apply these to the practical needs 



i. 



Address is to introduce an Exhibition of Listruments relating to 
V', I propose to say a few words on the great importance of these 
t out what help we may fairly expect from them in such studies. 
S8. VOL. xvui. M 
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Thermoineters, tnaximiim and minimum. — The thermometer is the great 
foundation of climate selection and classification, though its results are greatly 
modified by other meteorological conditions, such as air currents and moisture. 
The mean wintcT teuiperatiu'e of a luuilth resort is important, but what is 
most important is the ttm|K*rature of the air during the hours when it is 
requisite that the invalid should take exorcise, the night temperatures being 
of less consequence, as the patient can be rendered independent of these by 
good housing and artificial warmth. The great object to be kept in view for 
all forms of disease Ukely to be benefited by climatic treatment being thai 
the climate should admit of outdoor exercise, active or passive, during the 
hours of daylight. An additional requisite would be, though this cannot 
always be insisted on, the possibility of sitting or reclining out of doors for 
prolonged periods. 

The next point of information which the thermometer fiu*nishe8 is whether 
the climate is one of more or less equability, or one of great extremes, due 
to radiation. Both these conditions have their medical uses, but are not 
suited to the same cases. The first class generally owe their equability to 
the addition of some influence tempering the sun's rays, derived either from 
the neighbourhood of the sea, or from a large amoimt of moisture present in 
the atmosphere, or from both of these influences. Moisture tempers extremes 
in two ways, firstly by diminishing the power of the direct sun rays, and 
secondly by forming a vaporous covering to the earth, and in this way 
obstructing terrestrial radiation and reflecting the heat back to the earth again. 
As an example of this compare the thermometry of Madeira, the type of a 
warm equable climate, where the mean daily range does not exceed 11°, with 
that of Cairo, a desert climate marked by great radiation, where the difierence 
between day and night tem]>cratures is about double that of Madeira ; and this 
contrast is still more marked in the desert itself, in the neighlwurhood of 
Luxor, where Dr. Marcet has recorded a fall of 17° or 18° after sunset. Madeira 
owes its equability to the combination of low latitude with its ocean en- 
vironment, and its comparatively small size causes this marine influence to 
be felt throughout the island. Cairo is a dry iubuid climate, where there is 
practically no marine influence to check the fall of temperature from radiation, 
though the NiU% which absorbs lioat in the daj-time and gives it out at night, 
exercises in its immediate neighbourhood some slight influence in arresting 
the fall of temperature. In the desert in the winter the maximum may be 
88*^, and the minimum may be 88° in the same 24 hours. 

In the Exhibition there are two miuinnim thermometers, an earth thermo- 
meter by Mr. Symons, a recording thermometer or thermograph by MM. 
Richard, imd an ingtmious pneumatic thermometer for recording tempera- 
tures at a distance, a Stevenson scnon with the usual instruments, and 
Mr. Wallis's cage for exposing mot<»orological instruments under a thatch 
shelter in statitms in Tropical Africa ; for the Dark Continent's climatology, 
as well as its geogi'aphy, is to be conquered. 

We have several patterns of the Solar Radiation Thermometer exhibited, 
two being recording ones, and it may be well if meteorologists turned their 
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attention to inventing a more accnriito instrum 'ut, as Mr. Whipple informs 
me that the readings of the present one are not always trustworthy, and 
yet we have great need of information on the subject of solar radiation. 

The Sunshine Recorder is our host method of accomplishing this at present, 
and it certainly gives some indications of the hours that an invalid may select 
for exercise. When ho looks through the charts of the Campbell -Stokes 
excellent instrument he can see how far he has availed himself of his sunshine 
opportunities, and how far he has neglected the golden moments. It is a 
great pity that this valuable instrument is as yet so little utilised at health 
resorts. 

The Whipplc-Casella Sunshine Recorder is furnished with divided latitude 
and declination circles to be set for any locality and any day of the year. 

In the Exhibition we have throe patterns of Jordan's Sunshine Recorder, 
by which the sun's rays are printed on cyanotype paper, McLeod's Photo- 
graphic Sunshine Recorder is something of the same type, and so is Sir 
Henry Roscoe's Chemical Photometer, in which the definite effect of daylight 
on prepared paper is calculated to seconds. 

There arc also specimens of Herschel's and Hodgkinson's Actinometers, 
where time is considered one of the elements for ascertaining the absolute 
heating eflfect of the sun's rays, as they are made to fall for one minute 
on the bulb of a thermometer filled with blue fluid, and the rate of expansion 
noted. 

In Pouillet's Direct Pyrheliometer the sun's rays fall on a cylinder of steel 
of known capacity, filled with a certain quantity of mercury, in which a 
thermometer is introduced, and the calculation is made on the number of 
d^rees the sun's heat raises the mercury in five minutes. 

Sonthall's Helio- Pyrometer is a modification of the surroundings of the 
black bulb solar radiation thermometer. 

What degrees of heat and cold are beneficial to the human system is one 
thing, and what degrees it is capable of sustaining without destruction is 
another. It has been shown that inhabitants of temperate climates can bear 
great extremes of temperature, both hot and cf>ld, provided the atmosphere 
be still and dry. Arctic travellers have withstood an astonishing amount of 
cold with impunity. Captain Parry noted the thermometer as low as — 5^^ F., 
or 87° below freezing point.. Sir John Franklin observed —68°, or 90° 
below the freezing point, and Sir George Back —70°, or 120° below. In all 
these cases the atmosphere was perfectly still, or life would probably have 
been impossible. Sir John Richardson^ states that in his last Arctic Expedi- 
tion, he was accustomed to go frimi his sitting room at a temperature of 60° 
to his magnetic observatory at a short distance from it, without feeling it 
necessary even to put on a gi-eat coat, though the temperature of the external 
air was —60°, a diflerenco between the two atmospheres of 100°. Sir John 
Richardson attributed the absence of chilling influence to the drjTiess and 
stillness of the air. 

^ Carpenter s Human Phy^ioloffyy 5th edition, p. 411. 



166 WILLIAlfS — PBS8IDENT*8 ADDBIBB. 

In North America, it is not nncommon daring the winter for mercnry to 
freeze, but life is carried on most actively all the same. At Davos and in the 
Engadine the thermometer falls in winter nights as low as —11° and —18°, 
yet it is the custom for invalids to sleep with open windows and apparently 
without harm. 

If the exposure to great cold be of long duration, the circulation and heat 
generating powers are lowered, unless largely sustained by warm clothing and 
abundant food, and in time these aids fail, and the superficial blood-vessels 
become contracted and no longer admit of the passage of blood corpnscles, 
and thus all physiological and chemical changes become arrested. The ex- 
tremities are starved, and death of the fingers and toes takes place through 
frost bite and gangrene. The general symptoms take the form of great 
lassitude and langour, with a strong tendency to slumber, but if the individual 
yields to this inclination and sinks into a sleep it often proves his last one. 
Death generally occurs by coma. In other cases a low delirium sets in with 
incoherence and thickness of speech, and the symptoms are often mistaken 
for those of intoxication, to the great detriment of the unhappy sufferer. 

In cold climates a large amount of carbo-hydrates, in form of oil, fat, butter, 
and blubber, are necessarily consumed to maintain the temperature of the 
human body, but such is the wonderful power of equilibrium of the thermic 
process that in the most frigid climes, except when death takes place from 
cold, the standard of human body heat is maintained equally as in temperate 
climates. And for the same reason the influence of great heat, apart from 
sunshine, on the human body, does not show itself in material rise of tempera- 
ture, provided perspiration be free and abundant. Messrs. Blagden and 
Fordycc* bore a temperature of 280° F. in an oven, wiih only a rise of 2i°, as 
long as the air was dry and the skin perspiring, but when the air became 
moist, and evaporation was by any cause obstructed, their body heat rose 8°. 
The effect of excessive solar heat has been shown in the form of insoUuio or 
sunstroke, but that of heat in the shade on the human body, according to 
Rattray,* is to cause a slight increase in the body temperature, amounting in 
the tropics to from 2° F. to 1°'2 F., the maximum being reached in the 
afternoon. He also found that in persons passing from a cold to a hot 
climate, there was a reduction in the respiration rate from 16*5 per minute in 
England to 12*74 in the tropics, iiccompanied by a slight spu'ometric increase 
but not enough to compensate for the diminished number of respirations. 
Less carbon in the form of carbonic acid tuid water is exhaled from the lungs 
in hot climates, and the lute Pi'ofessor Parkes* showed that those organs 
after death are found to be lighter in Europeans in India, than is the case in 
Europeans in Europe, probably in consequence of this diminished use of the 
lungs. 

The power of digestion is lessoned and the desire for animal food diminished, 

* Philoiiophicnl Transactions, 1775. 
2 Proc. lioyal Soc. 1S69 -72. 

* Practical Hygiene^ 4tb edition, p. 402, 
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vegetables and fruit being more acceptable and better suited to the require- 
ments of dwellers in the tropics. The liver is frequently the seat of morbid 
processes, being first congested, and then undergoing indurative changes, or 
on the other hand becoming the seat of inflammation and abscess. The skin 
is stimulated to largely increased action, and there is often an increase of 
excretion, amounting to 24 per cent ; other secretions are diminished. 

The nervous system is depressed, especially if humidity be combined with 
great heat. 

However, if the body temperature be kept down by abundant perspiration 
and the hot season be not of too long duration, great heat is borne well, 
although a lengthened residence in such regions exercises a depressing influ- 
ence on Europeans, and by impairing the great functions of digestiom 
respiration and blood manufacture, prevents the formation of healthy tissue* 
The tint of skin and the white of the eye in Europeans long resident in the 
tropics and their lack of energy all prove this. 

We cannot doubt that the direct rays of the sun are of the greatest import' 
anoe to invalids, and in all but distinctly hot climates should be utilised to 
the fall. We see the pallid cachectic tint of invalidism converted into the 
brown and reddish hue of good health under the sun*s influence, and we can 
hardly doubt but that the beneficial changes which we note in the vegetable 
kingdom may to some extent take place in the animal kingdom, and that 
circulation, coll formation, growth of nerve and muscle, are all largely pro- 
moted by these rays. Thus we see chilly invalids of great sensitiveness can 
endure to sit out surrounded by snow and ice in high altitude stations, such 
as St. Moritz and Davos, where the sun's direct rays shining through an 
attenuated atmosphere, free .from mist, are even more powerful than in low 
level stations situated further south whore the atmosphere is at ordinary 
pressure. But at these high stations, when the sun sets, or becomes hidden 
by cloud or snow mist, all is changed and arctic temperatures prevail. 

Bain Gauge. — ^And now we come to instruments for measuring atmospheric 
moisture, and take first the Rain Qauge^ which is valuable as indicating the 
tendency of the climate towards a large or small rainfall. The monthly, 
weekly and daily records of Mr. Symons tell us how that fall is distributed 
throughout the year, and this may enable invalids to avoid the months 
generally found to be rainy at each health station. 

But what we require of the rain gauge is that it should tell us at what 
hour in the 24 hours the rain falls, whether by day or by night, whether it con- 
sist of heavy showers with intervals of dryness and sunshine enabling invalids 
to take exercise, or whether it be continuous fine rain or Scotch mist 
rendering all going out hazardous to the delicate. Even the beautiful 
recording instruments of Mr. Binnie and Mr. Tomes exhibited to-day do 
not give us all this information, but they go a long way towards it. Mr. 
Scott's paper on the diurnal range of rainfall at seven observatories in 
connection with the Meteorological Office shows that as regards quantity 
of rainfall there was little regularity in the fall except at one 
(Valencia), where there was a decided minimum at 8 p.m., but as regards 
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frequency at Valencia the time that precipitation was most likely to occur 
was the early morning, and the driest period of the day was about noon. At 
Kew, however, an inland station, these conditions were exactly reyersed, tiie 
frequency being greater in the afternoon than during the night hours and 
early morning. At the other stations, except Armagh, the maximum was 
marked in the early morning. 

Dr. Hann in his investigations of a number of European stations found the 
afternoon maximum was between 2 and 4 p.m., and that there was a night 
maximum between midnight and 4 p.m., and at some places three maxima 
were discernible. It is evident therefore our information is not yet complete 
about the hours of rainfall, but so far as it goes it points to the forenoon as 
the best time for invalid exercise. 

Mr. Binnie's rain gauge is exhibited as well as Tomes* and Wild's, and 
also the pattern used by the late Dr. Livingstone in Africa. 

Hygrometers, — The results of tlie Dry and Wet Bulb and other hygro- 
meters now in use, arc of great, and I may say of growing, importance, for 
whatever the statistics of treatment by climate may tell us, they teach more 
and more that dr3mcss is one of the first considerations in the selection of a 
health resort, and that, what is so unfavourable to the growth of vegetation, 
is the condition most favourable for recovery from such diseases as rheu- 
matism, bronchitis, asthma and consumption. Some of the most successful 
climates in the world are those where the difference between the dry and 
wet bulb is large. In the South of France, where during the misti*al it 
sometimes rises to 15^, a difference of 10*^ is well borne ; in Egypt the 
difference is often nearly 20^. 

What tries an invalid, particularly a consumptive one, is the rapid change 
from great dryness to moisture, as occurs during a thunderstorm. A patient 
of mine was trekking in the Kalahari Desert in the Cape Colony, and enjoying 
the dryness of the climate, the hygrometer showing a difference of 25^ between 
the bulbs. Heavy rain fell and saturation was reached, when my patient was 
immediately attacked with severe hoomoptysis. 

The advantage of great dryness is that it enables patients to sit out, even 
on the ground, for hours together. However, though dryness of climate is 
essential for most invalids, there are cases where moisture is so advisable 
that in their rooms it is necessary to sup]>ly it by^ evaporating water over a 
lamp of some kind, or by using a steam kettle. This is generally where the 
bronchial and pulmonary mucous membnme is irritable and the secretion 
scanty. 

The Exhibition contains a number of hygrometers. We have several 
patterns of de Saussure's Hair Hygrometer, in which the moisture of the 
air is measured by its influence on a human hair, and which is much used in 
cold climates where the diy and wet bulb hyjj^rometer fails. Klinkcrfues* is 
a modification of do Saussure's. There is Kater*s, where the hair is re- 
placed by a twisted filament of the Indiim grass ; also the well known one of 
Daniell, a two bulbed hygrometer, where the dew point is determined by 
condensing the moisture through the evaporation of ether ; Jones's where the 
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same principle is involved ; Dines 's admirable instruments ; and Regnault's 
and AUuard's beautiful patterns. We have, too, Negretti and Zambra's 
recording hygrometer, with Mr. Bayard's modification ; Nicolle's aqueous 
meter ; and an aspirated psychrometer lent by Dr. Assmann of Berlin ; and 
a self-recording wet and dry bulb thermograph by MM. Richard, who may be 
fitly termed the recording angel Df the 19th century. 

A homely adaptation of the principles of hygrometry is the oat-beard 
hygrometer, or ** podcet damp detector," wliich is used for the detection of 
damp sheets, damp clothes, etc., a boon to travellers in regions where rooms 
are unwarmed and beds are unaired ! 

The Barometer. — The ordinary fluctuations of the barometer, of which 
two examples are shown, as noted at sea level, though they may occasionally 
tell on the invalid's sensations, do not materially aflect his condition, but the 
influence of diminished and increased barometric pressiu-e is of the utmost 
importance. This latter is far too lengthy a subject to bo treated adequately 
at present, so I propose to make it the subject for a future address. 

Anemometers, — The direction of the wind is highly important to invahds, 
but its force, as measured by the various f(5rms of anemometer, of which that 
of Mr. Dines is a most ingenious and serviceable example, is less important 
though a glance at the anemometer from indoors may indicate that the day 
is too gusty for exercise even if the weathercock point in the right direction. 
An ingenious electrical wind indicator is shown by Mr. G. W. Higham. 

Many health resorts owe their reputation almost solely to their shelter from 
cold winds ; for instance, the advantage in climate which Hyeres and Mentone 
ei\joy over Marseilles is chiefly due to their being more sheltered from the 
Mistral, or North-west wind, the scourge of the lower valley of the Rhone 
from Valence to Avignon. 

The Exhibition contains an unusually rich collection of diagrams and 
photographs, which speak for themselves, and depict various meteorological 
phenomena and their eflect on the works of man, as well shown in Mr. 
Gurtis's pictures of the efiects of the Lawrence Tornado and of the Blizzard 
in New York. 

After, however, we have studied the meteorology of a locality with the 
greatest preciseness and exactitude, after we have brought every possible 
instriunent to bear on our knowledge of its climate for a long series of years, 
and have accumulated and tabulated thousands of observations, after we have 
arrived at definite conclusions as to the temperature, hygrometry, and baro* 
metric and wind pressure, we find there are climatic peculiarities which we 
have not yet fathomed ; and when we come to the relation of climate to man, 
this is even more striking. No meteorological instrument has as yet been 
able to inform us why this climate is exciting and that sedative ; why a patient 
loses his appetite here and regains it there ; why an asthmatic sufierer 
breathes freely in one place and lives in misery in another, not appa- 
rently dificring from the first in meteorological conditions. All this shows 
08 that we have not yet conquere<l the powers of the air and harnessed them 
to our chariot wheels, and that if we aie to be successful in our campaign we 
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must enlist more workers, and especially the services of other sciences, such 
as chemistry and physics, to assist in our investigations. A more complete 
analysis of the air of health resorts at various seasons of the year, and, as 
Mr. Harries pertinently suggested at our last meeting, during the periods of 
epidemics, is much wanted ; and I would add to it careful observations with 
the spectroscope, which has already yielded so large a harvest to inquirers in 
other fields bordering our own. Spectroscopic observations would neither 
be toilsome nor difficult ; a very short preliminary study might qualify a 
whole army of observers in this line. Bacteriological inquiries are the 
fashion just now, too much to the exclusion of others, and excellent though 
these may be, they should not take the place of chemical investigation, but 
should rather be combined with them, — especially as research demonstrates 
more and more that the evil done by our unseen foes the bacteria lies as 
much in their chemical products as in their direct action on the tissues. 

I propose now to treat of groups of climates : and of the various classes of 
health resorts I have selected the Riviera for my present topic, first, because 
its features are well defined; second, because it presents great conirasts to 
our own climate ; third, it is a region very accessible to invalids ; and fourth, 
because I have enjoyed during the last 30 years great opportunities of 
studying it. The Riviera may be described as the north coast-line of the 
Mediterranean from Toulon to La Spezzia, though some restrict the term to 
the. portion from Nice to Spezia, which, considering that the mountains be- 
tween Toulon and Nice are all more or less spurs of the Maritime Alps, is 
hardly warranted. The climatic features of this coast-line depend on three 
factors : — 

1st. The Southerly Latitude, as this tract of country lies between 48°*7' 
and 4^4° North Latitude. 

2nd. The protection from cold winds by mountain ranges. 

8rd. The warming and equalising influence of the Mediterranean Sea. 

The first factor shows itself in the warmth of sunshine during the winter 
months, which enables invalids on fine days to sit in the open air for hours 
together. With regard to the second element, i,e. protection from cold winds, 
the Maritime Alps form a good rampart to the north of this region, and 
consist of a series of mountain chains which run first southwards from 
the Savoy Alps to the Mediterranean, and then trending to the north-east 
along the coast, eventually join the Apennines. To the west various spurs ex- 
tend towards Toulon, forming the Basses Alpes, the Esterels and the Maures, 
and thus furnishing a more or loss unbroken shelter. Between Nice and 
Genoa the strip of country is backed by a triple chain of mountains of con- 
siderable height, and where these approach the shore, they leave a mere ledge 
intervening between them and the sea, hence the term Cornice Road. 

The health resorts to the west of Nice owe their protection to lower 
ranges, which do not in all cases approacli so closely to the sea, and 
consequently the shelter to the north-west is not always so complete, 
though quite sufficient for most purposes. 
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Districts like La relite A/iiijiie, situated between Villofronche and Monnco 
and facing full south, oud biicked by the mouutiiiu wnll of Mont Vinaigrier, 
are undoubtedly completely sheltered, and gaiii additioDal heat from the re- 
fiection of the sun's rays from the cliffs above, but owing to the position 
of those cliffs these places lose the sun's rays earlier and receive them I&ter 
than less protected health rcttorts. 




It is probable that this variation in the amount of shelter balances to some 
extent the differences in latitude between the various localities, for otherwise 
we should expect that the most southerly would be the warmer, but on the 
Riviera, as the most norlborly health resorts hapi>eu to be lM«t protected, 
the differences in tcmperaturo are small. The third factor of the climate is 
the Mediterranean sea, of which the principal charactorislics arc : — 

1. That it has scarcely any tide, a rise and fall of two feet having b(;en 
noted iu some of the gruateNt iudcntatiuus as iu the Adriatic. On the Riviera 
there is scarcely any, bo thut itx iufiuunce may be said to bo always equally 
potent and not to vary with hour and season. 

2. It is a remarkably salt sea, containing more saline matter than either 
the British Channel or the Atlantic. The Poicvpiiie soundings' demonstrated 
clearly that the Mediterranean water has a greater density than the Atlantic 
and that it contains more chlorine, and moreover that the enormous evapora- 
tion, which takes place from the surface of this sea, is probably the cause of 
this eitra salinity, as more enters from the Atlantic than flows out into it. 

Traces of this saline matU^r have been detected by Gilbert d'Harcourt in 
the air 400 metres inland, and at an elevation of 229 feet, and De Coppet 
detected it by spectrum analysis 1,000 or 1,200 metres inland. The bine 
colomr of the Mediterranean, I may mention by the way, is attributed by 

" Prot, Boy. Soc. 1970-71- 
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Professor Tjndail and the late Dr. Carpenter to the particles held in suspen- 
sion derived from the Rhone and other great rivers which poor their mnddy 
floods into it. Dr. Carpenter assigns the bine colour of the Lake of Geneya 
to particles in suspension derived from the Upper Rhone, and that of the 
Mediterranean to the deposits brought down by the Lower Rhone. 

8. It is a warm sea, warmer than the Atlantic in Uie same latitude by several 
degrees : this has been long known, but the important soundings of the 
Porcupine Expedition demonstrated two salient facts, the one that the surface 
temperature depends largely on the sun's influence, and the other that there 
is a uniformity of temperature for all soundings below 100 fathoms, iniJAct, 
whatever the temperature was at 100 fathoms that was the temperature of 
the whole mass of water beneath, down to the greatest depth explored, which 
in this case was 1,748 fathoms ; that temperature being 54°. This, as is well 
known, is a great contrast to the slow and continuous reduction of tempera- 
ture encountered in the successive strata of the Atlantic, and is doubtless due 
to the absence of Arctic currents. The presence of this warm sea has a 
remarkable influence in neutralising the efiects of radiation on its shores, 
and this has been well demonstrated by Dr. Marcet^ at Cannes, who found 
that the mean temperature of the sea was, during the winter months (Novem- 
ber to March), 5*8° to 8*6^ higher than the mean temperature of the 
air, and that the minimum experienced close to the sea was higher 
than that of stations inland. The temperature of the Mediterranean in winter 
seldom faUs below 52° and often rises to 64°, and consequently it is possible 
to bathe all the winter with due care ; indeed, this is frequently done by 
Britons, though rarely by other people. 

The warming inflaence is best evidenced by its efiect on vegetation, for we 
see the hills sloping to its warm levels richly clad with trees and shrubs, 
which often attain their greatest luxuriance on the shore itself, where palms 
and other exotics flourish. 

In treating of the meteorology of the Riviera, I shall confine my remarks 
to the meteorology of the winter and spring seasons, as these are what 
concern the British invalid. In the summer and early autumn, though many 
of these health resorts are quite endurable in climate, and are used as bathing 
places for the French and Italians, they are too hot to be selected as residences 
for our invalid fellow countr)rmen and women. By the winter season I 
.mean the six months from November 1st to April 80th, which is very nearly 
the full period of invalid sojourning. 

The mean temperature of the region varies from 50°*8 to 61°'5. It is 
nearly 8° to 10° higher than that of Greenwich for the similar period. The 
minimum runs from 42° to 46°* 5, being lowest in December. 

This represents the mean minima of thermometers, kept in Stevenson 
Bcreens, but when exposed on the earth, or on grass, the tliermometer was 
found to sink occasionally to 41°. 

The fall of the temperature at sunset is very marked, especially in 

* Quarterly Journal, Vol. III. p. 473. 
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December and January, when the fall may amount to 2^*5 in 12 minutes, and 
to 10^ or 11° in 4 hours. The grass at a distance from the sea may be seen 
in early morning covered with hoar frost, and I have beheld snow lying on the 
ground for a few hours, though this is rare. In 1879 I saw the ground white 
with snow and rose leaves imbedded in ice while roses and heliotropes were 
in full bloom in the gardens at Cannes. 

The mean maximum varies from 56^*7 to 59^*6. The sunshine heat, as 
registered by the black bulb thermometer in xacuo, is great, and the mean 
monthly maximum ranges from 91° in December to 120° in April. 

The relative humidity varies from 61 to 74 per cent. The annual rainfall, 
records of which have been collected by Mr. Symons in an interesting article 
in the Quarterly JoumcU for 1890, is about 31 inches, distributed over 65 
days. The rainy months are September, October and November, when on 
an average more than a third, and nearly half of the total amouut falls : 
during the winter months the fall is about 20 inches, distributed over 80 to 
40 days. The rain comes down in heavy showers, as much as 4^ inches 
having been known to fall in 9^ hours, and the intervening periods are 
generally dry and fine. 

The rainfall apparently increases as we proceed eastward on the Riviera, 
the lowest average being that of Hy^res, the highest that of Genoa, and this 
may be accounted for by the greater proximity of high mountain ranges as 
we travel towards the east. 

The winds are one of the chief features of the Mediterranean climate, and 
a great contrast between the Riviera climate and our own lies in the fact, 
that on the Riviera it is the Westerly winds that are the dry, and the 
Easterly and Southerly the moist ones. The most important wind is the 
North-west wind, or Mistral, or Maestral, derived from Matjister a master, 
a dry wind which appears first yd. the valley of the Rhone, east of the Cevennes 
mountains, and in the neighbourhood of Avignon ; it is at times a perfect 
scourge, and blows with great violence, having been known to upset carts and 
carriages and even heavy diligences and to uproot large trees in its course. 
Taking a north-west direction it sweeps over the passes in the various pro- 
tecting ranges and reaches the Mediterranean, whose blue waters it lashes 
into foam for a considerable distance from the shore. It is a dry wind, 
parching up the country and causing the barren appearance of the mountains 
near Marseilles, and it drives before it clouds of dust. Its dryness is proved 
by its causing a difiercnce between the dry and wet bulbs of from 10° to 15° 
during its prevalence. Its appearance is the signal for fine weather, which 
generally continues for several days after it has blown. Owing to its desic- 
cating influence it produces the impression of great cold, and is much objected 
to by invalids and by medical men. It prevails chiefly in March, and ap- 
pears to originate in the descent of an upper current to supply the place of 
the mass of heated air ascending from the Rhone valley and the Western 
Mediterranean basin. 

The other dreaded wind is the North-east or /iwr, or Bora or Grevo, which 
is a cold blast coming from some portion of the Maritime Alps, and generally 
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accompanied by rain, or occasionally by sleet, hail, or even snow. This wind 
rarely prevails for more than about eight days in the year, and few of the 
health resorts are exposed to it. The Southerly and Easterly winds, which are 
most common, are harmless, except being gusty winds bringing rain ; but 
there is one exception, the Scirocco or South-east wind, which in late spring 
is hot and relaxing, though in the winter it is chiefly objectionable as a rain 
bringer, but this sometimes too has its advantages, as the curse of the 
Riviera are the clouds of dust'to be encountered in riding, driving or walking. 
Summing up the winter climate of the Riviera as a whole, it is a clear 
bright dry climate with a good deal of wind, with fog and mist practicaUy 
unknown, with a winter temperature at least 8° to l(f higher than that of 
England, but subject to a fall from nocturnal radiation sufficient occasionally, 
but rarely, to cause frost. Compared with England, there are about half the 
number of rainy days and four or five times the number of bright ones, with 
plenty of cheerful and interesting surroundings to enliven and charm. It is 
winter, but cheerful bright winter, of a character to brace and invigorate 
instead of imprisoning and depressing. 

Those who complain of the cold weather and winds of the Riviera, should 
remember that both these have their beneficial uses, and probably exercise 
an aseptic and bracing influence, in what would otherwise be too protected and 
calm an atmosphere. The cold nights are especially beneficial as promoting 
sleep, which, especially at the seaboard, is often difficult to secure in warm 
winters. 

The Address concluded with a lime light demonstration of 28 views 
of the various healths resorts of the Western Riviera, exhibiting their posi- 
tion with respect to sunshine and shelter. 
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ANEMOMETER COMPARISONS. 

By W. H. dines, B.A., F.R.Met.Soo. 
(Communicated by the Meteorological Council.) 

(Plate VII.) 



[Received March 10th.— Bead April 20th, 1892.] 

At a meeting of the Wind Force Committee of the Royal Meteorological So- 
ciety, held in May 1890, it was decided that it would be desirable to obtain 
a direct comparison of the various anemometers in common use, so that 
some opinion might be formed as to which type of instrument was the most 
suitable for general purposes, and also for special conditions of situation and 
exposure. The work, of which I now give an account, has been carried on 
by means of a grant kindly made for the purpose by the Meteorological 
Council. 

It was suggested that the objects of tlie inquiry would bo best obtained by 
getting automatic and simultaneous records from all the instruments which 
it was considered desirable to try, upon the same sheet of paper, and record- 
ing apparatus has accordingly been made for the purpose. 

The manner in which a record is obtained by moving a sheet of paper by 
clockwork, and allowing an anemometer or other instrument to move a small 
siphon pen across the paper, is too well known to need description. 

In the present case, the paper used was 86 inches wide, to allow room for 
several anemometers to record side by side, and was moved at a much 
greater rate than is commonly employed, in order that the rapid variations 
in wind velocity, which are known to occur, might be easily seen on the 
sheets, and their action upon the various t3rpes of instrument noted. The 
time scale could be altered at pleasure from 1 to 8 inches per minute by 
means of a small governor attached to the clockwork. 

Difficulty of comparing Pressure and Velocity. 

There is an inherent difficulty in comparing the pressure and velocity of 
the natural wind, which never seems to remain uniform for more than a few 
seconds at a time. To make this difficulty plain, it will be best to consider 
an imaginary case. Suppose the wind to blow during half a certain time 
with a velocity of 10 miles per hour, and during the other half with a velo- 
city of 20 miles per hour, the changes occurring in any manner whatever. 
The mean velocity recorded by a correct velocity instrument would be 15 
miles per hour. Suppose the pressure for 10 miles per hour to be .r, it is 
well known that the pressure for 20 miles per hour would be 4x, hence the 
mean pressure will be |.i-. But the pressure corresponding to 15 miles per 
hour will be(f ) V, i e, 2-25.r, which is 10 per cent, less than the above 
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value. How these two amonnts will Ailter in actnal pr&etice it ia imposdble 
to say, but it Hcoms quil« jxHtsiblc that tlie diflVirence may sometimes be 
more than 20 p<:r cent. To avoid thiti ilitficuUj', the originate of the pressnre 
cnrvcH has been madti to corrcflpond U> the 3i|nare root o( the pressure, and 
tberefure to the velocity, in a manner «ubflc<)ncntly described. 

Ihstbumkntb oompabsd. 
The instruments which have been compared ore the fallowing : — 

1. Eow Pattern Robinson Anemometer. 

2. Self- Adjusting Helicoid Anemometer. 
8. Air Meter. 

4. A Foot Cireolar Prossurc Plate. 
6. A Special modification of Tube AnemomeUr. 
Of these, the Kew pattern Robinson Anemometer Ib too well known to 
Deed description. 

The self- adjusting Helicoid Anemometer is described in the Quarterly 
Journal of the Royal Meteorological Sontty, Vol. XIII. p. 218, 188?. 
(Fig. 1.) 




Fw. 2.— Air Mct*r. 



l,_Srlf-ar)juBtJiie Helicoid ^Deicometer. 



The Air Meter consists of a einglo blade of thin aluminium of special 
sbapc, with a train of wheeU and dial to record iti rcvolulions. (Fig. 2.) 
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Pressure PLikTE. 

The arrongomont of the Pressure Plate is shown typically in Fig. 8. 

The pressure of the wind is transmitted by means of a flexible cord passing 
over a small pulley, the lower end of the cord being fastened to a suitably 
shaped block floating in a tank of water, the block being so adjusted and 
coanterpoised by the weight IF, that when the tension of the flexible cord is 
zero the edge of the block is just flush with the surface of the water. It 
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Fio. 3. — Pressure Plate. 



will be seen that the pressure which forces back the plate must, when there 
is equilibrium, be equal to the weight of a volume of water equivalent to the 
volume of the block, which is raised above the water level in the tank. The 
plate was a circular one; it presented an area of one square foot to the 
wind, and the only impediment to the free motion of the air behind it was 
the 2-in. iron pole on which it was supported. It was assumed that the 
pressure varied as the square of the velocity, and that a pressure of 30 lbs. 
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oorreapondod to aveJocity of 100 mi!oa per hoar. The floating block (Pig. 4) 
was shaped in such a manner, that, ou the above Bapposition, a velocity of 
10 miles por hour would raise tho block 1 inch ; 20 miles per hour, 2 inobati; 
and so on. It is clear that if tho wator level were constant, the vortical 
Beckon of the block should bo a triangle, bat when the block is raised, onlen 
the tank be very large, the water level sinks appteoiably. This difficult 




I 



Fia. 1.— Floaltng Block (or PieBaure Plate. 

: by slightly bulging out the sloping sides, and to prevent the 
possibility of mistako on account of any incorrect calculation, the arrange- 
ment, when complete, wan tested by the application of di^fiiiite prcsRures. It 
was found that the actual position of the recording pen did not in any case 
differ from the calculated position by more than ^ of an inch. 

The prosBure of tho wind ads upon the Plato A (Fig, 8). The force is oom- 
municated by the bonsionof thu flexible cord DB to the block O, which, incon- 
sequence, is partly raised out of tho water. The motion of the block actuates 
tho pen carriage and pen, P, by means of a Ught silk thread, with a wei^t 
ir attached, passing over the small pulleys HH. 

It will bo Boeii that the position of the pen is in no way dependent upon 
the stretching of tlie cord lill. It is iiccassary from time to time to see that 
tlie block O floats with its edge juKt immersed, when the tension of the cord 
Uli is zero. This is easily adjnsU-d by ridding to, or subtrncting a few 
small weights from, 11', 

TuuB Ankhohetbb. 
It has long bceu known that the wind blowing against the month of an 
open tube causes an iueieasc of pressure, and that when blowing transversely 
across the mouth of the tnbe it causes a partial vacuiiiu. This f:ict has been 
partly utilised, and the head of the anentomotcr, ivhich consists of two parts, 
is shown in Fig. S. 
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Hie moveable part of the head consists of two pieces of 1 in. tube con- 
ted at right angles, and a vane. 

Che horizontal tube is closed at one end, the other end (A) is kept facing 
wind by the vane. 
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Flo. 5. — Tabe Anemometer. 

lie fixed part is constructed out of three pieces of brass tube of consecu- 
sizes. The largest is 1^ in. diameter, outside measurement. The 
[ium size is of thicker metal than the others, and just fits into the largest 
. The smallest piece is J -in. diameter, and just fits into the medium- 
d tube. The two extremes arc placed at the bottom, one inside the 
ir, an annular space being thus formed between them. The medium-size 
) drops into this annular space, thus closing it at the top, and is also 
ied up, thus forming a bearing round which the moveable part turns, 
r the top of the annular space (at B) twelve ^ in. holes are drilled in 
outer tube in a ring, by which holes the annular space is connected with 
outer air, (Fig. 6.) 
he wind in passiug over these holes exerts a small sucking action. At 
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the game timo, by blowing agniQst the mouth, it causes an increaae ot pres- 
snro ID the tube A. The whole result is u diffurnnco of prossure betncenthe 
spaces (C) and (H), the following values of which have boen fonnd by direct 
trial on the whirling machme : — 

Ins. of water. 

At 10 miles per hour, difference of pressure = -0781 

„ 20 „ , = -2924 

„ 80 „ „ „ „ „ = -0579 

„40 „ „ „ , =1-1696 

and so mj, the difference of pressure varying as the square of the velocity. 




Fio. 6. -Head of Tube Anemometer nearly timilsi to Ilic one nud. 
This particular form has been ad<ipt<Ml for Uio following reasons. In ex- 
periments made upon the tube ancmonict«r, on the lar(,'c whirling machine at 
Hcrsbam, particulars of which will be found iu the Qiiarleily Journal of the 
Royal Meteorological Sociclt/, Vol. XVI. p. 208, 1800. it wosi found that 
the vacuum produced by the wind blowing over the mouth of an open tube 
was vory dependent upon the exact perptudiculartty of the tube, and if that 
kind of head had been used, a slight inclination of Uic wind, which might easily 
be produced by some adjacent building, would have eerioufily influenced tie 
result. 

The partial vncuuiii. produced by the action of the air in passing over the 
ring of holes in the upright tube, has been found not to be subject to tbis 
objection. The pressure of the air blowing against the mouth of the o|icn 
tulie has also birn found to bt, juitupundent of the inclination of the niud 
direction to the a\is of the tul>i, so long as the angle docs not exceed 15° to 
20°; Iicuci lh( wholi. in«trutnmt is indi'itenduutof moderate chiuiges of wind 
direction i,ither m a/uiuith or lULlinatimi. 

The way in wlinh the change of prcBKurc prudueeil by the wind actuates 
the pen of the recorJmg apparatus is shown in Fig. 7. 
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A zinc cyliD<ler(6] is filled with water up to the level K. A tube F poBsea 
ap the centre, the mouth of the tube being about 1 iq. above tLe surface of the 
water. A cylindrical copper vessel M, which will subsequently be called the 
float, ia placed, mouth downwards, over this tube, so that the air epuce inside 
it can only commouicate with the outer lur through the tube F. On the outer 
Bide of tiio float a sealed air chamber N is formed, and a leaden ring is 




connection witli Tube Anemomeltr. 



attached to the bottom at P, of such a weight that the whole jnst floata with 
the top of the air chamber level with the surface of the water. A second 
zinc cylinder H is placed mouth downwards in the outer cylinder O, fitting 
into it ae closely as possible, and thus forming a closed air apace above the 
float. This apace communicates with the outer air throu(,'h the tube E. 
It will be seen that on cither blowing into /■', or sucking K, the float will 
rise. It ie also clear tliat if the float bo raised by this means, the water 
level {K) outside the float is not disturbed, for the water which is driven 
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or sucked from the inside exactly makes up for the smaller displacement of 
the float. 

The tube F was connected with the inner tube C of the head (Fig. 6), and 
the tube E with the annular space D, the connection being made in both 
cases by about 40 ft. of f -in. lead tube. 

The inside cross section of the float is 20 sq. ins., and hence it is found 
that a wind velocity of 10 miles per hour causes an upward force of 871 
grains to acton the float; 20 miles per hour produces a force of 1,484 
grains, and so on. The outer surface of the air chamber N is so shaped that 
the float must rise 1 in. to displace 871 grains less water ; 2 in. to displace 
1,484 gr. less water, and so on, and thus the ordinate of the curve is made 
to correspond to the velocity, instead of to the pressure, of the wind. The 
chamber N is not exactly conical, but bulges out slightly in the central 
parts. The float is connected with tlie pen carriage by a silk thread passing 
through a very small hole in the top of the zinc cylinder //. The hole is so 
small and so nearly filled up by the thread, that, in so far as this instrument 
is concerned, it may be considered air tight. 

It is not, of course, absolutely air tight, but the case is similar to that of 
a small jet of common gas. The use of one small burner does not alter 
the pressure in the main by auy perceptible amount. 

It is necessary to point out that the double tube and the closed space 
above the float are absolutely necessary to render the instrument independent 
of the accidental variations of pressure which may occur in the room in 
which the recording apparatus is placed. The pressures on which the 
action of the Tube Anemometer depends are very small; aDd hence if the 
instrument were constructed with one tube only, a slight alteration of the 
pressure in the room, which might easily be caused by opening or shutting a 
door or window, woidd alter the recorded velocity. There can be no doubt 
that the pressure in a room on the exposed tside of a house during a gale 
is greater than in a room on the sheltered side, and if both doors be shut 
and both windows open, the diflereuce may be cousiderable. Also in a closed 
room with an open grate, making a good Are decreases the pressure by an 
appreciable amount. However, to test the point practically, the two tubes 
of the Anemometer were disconnected from the head and carried to two 
rooms on difl'erent sides of the house. The diflereuce of pressure between 
the two rooms, acting upon the float of the recording apparatus, produced 
a curve, which, had it been obtained in the ordinary way, would have indi- 
cated a mean velocity of about 12 to 15 miles per hour. The actual wind 
velocity, as shown by the Pressure Plate for the same period, was about 
25 miles per hour. In tliis case caie was taken to augment the diflereuce 
of pressure between the rooms by suitably arranging the doors and windows; 
but it is clear that in the ordiuiiry way great difl'erences may exist, and if 
the instrument depended on one tube ouly, the indicated velocity would 
most probably be greater when phiced in one room than it would be if placed 
in another. 
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Mkthod of IIegistration of Velocity Instruments. 
To o1)tain a record from the velocity instruiiients upon the same paper, 
the following plan was adopted: — A pen, which could be jerked aside by the 
action of an electro-map^net, rested upon the paper, and as the paper moved 
nndcmeath a line was drawn. On passinj^ a current round the magnet the 
pen was jerked aside, thus producing the lines of notches shown in Fig. 8. 
Each velocity instrument had a separate pen and electro -magnet connected 
with it, and the contacts wore made after every 88 ft. (^\jth of a mile) 
registered by the instrument. 

Calibration of Velocity Instruments. 

The question of the factor of the Kew Pattern Robinson Anemometer is 
foil}' discussed in the Report of the Wind Force Committee {(iuarlerly 
Journal, Vol. XVI*. p. 20, 1890). For the purpose of these comparisons, 
the electric contact was made for every 44 ft. moved over bj the centre of 
the cops, this would ha for every 88 ft. of air motion, if the factor were 2'00* 

The results of various direct trials of the Self- Adjusting Helicoid Anemo- 
meter upon the whirling machine arc given in the account of the instrument 
published in the QuarlfHy Journal, Vol. XIII. p. 218, 1887, and also in 
the Report of the Wind Force Committee, Vol. XIV. p. 258, 1888. 

The air meter was carefully tried on the whirling machine, and electric 
contact arranged accordingly, but it was found that after the contact piece 
was attached the meter registered 2^ per cent, too low, doubtless on ac- 
count of the .additional friction. It should be added that the results of the 
air meter trials on the whirling machine were consistent throughout, and, 
unlike those with the Robinson Anemometer, were but little affected by the 
natural wind blowing at Ihc time. The air meter gave a uniform result at 
speeds between G and BO miles per hour, falling oil' grailually at higher velo- 
cities, until at 70 miles per hour it registt^red 3 per cent, too low. 

Reason for trying only Five Instruments. 

The space at my disposal, being limited to a square of about 12 ft. each 
side, rendered it impossible to try all the instruments proposed by the Coun- 
cil of the Royal Meteorological Society, and the instruments enumerated 
above were chosen as being fairly representative. 

Position of Anemometers. 

The Robinson Cups, the Air Meter, and the Tube Anemometer were ob- 
tained in the autumn of 1800, and were erected upon the tower at Wood- 
side, Her sham, Walton -on -Thames, in December 1890. Owing to the 
exceptional calmness of the winter of 1890-91, and also to the fact that I 
was then living at Fisher, two miles from Hersham, the results obtained were 
comparatively few, and related chiefly to light winds. They are in substan- 
tial agreement with those subsequently obtained, but are not incorporated 
into the final percentages. 
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In the beginning of May 1891 the three instmmenis were dismounted, 
and during the summer the Helicoid and Pressure plate were obtained. In 
the beginning of September 1891 all five wore erected on tlie roof of a 
house at Oxshott, to which I had moved during the summer. (Phite YII.) 

At first the anemometers wore placed 9 ft. above the highest part of the 
roof, but it was soon found that this was not sufficiently high. The eddies 
from the chimney stacks and the gables of the house produced discrepancies, 
amounting, in some instances, to as much as 80 per cent. That the differ- 
ence in the amounts registered were thus caused, was plainly proved by the 
fact that the direction of the wind had a most important effect upon the 
rate of any one instrument expressed as a percentage of any other. For 
example, with a South-west wind, the tube anemometer was from 15 to 20 
per cent, in excess of the pressure plate, but with a North-east wind the 
conditions were reversed, and the pressure plate was always from 10 to 15 
per cent, in excess of the tube. There were numerous similar instances, 
and although this result was not altogether unexpected, it affords dupect 
proof that the question of exposure is very important. In November the 
instruments were raised to a height of 18 ft. above the roof. The Robinson 
was placed on the south-west side ; the Helicoid about 9 ft. to the north ; the 
Pressure Plate 18 ft. to the north-east ; and the Tube Anemometer about 9 ft. 
to the east of the cups, the four instruments thus being at the comers of a 
square, one diagonal of which ran exactly north and south. The air meter was 
- placed in the centre ; it was not exposed permanently, but was raised up when 
■ required, generally during the day time. 

The eddies from the gables and chimney stacks seem to be entirely absent 
at a height of 18 ft. above the roof, but there is no doubt that the instruments 
do slightly disturb each other. The effect has been eliminated in a manner 
subsequently explained. 

MbTHOO of BfAKINQ THE COMPARISON OF THE AlR MeTEB. 

The comparisons were made, firstly, between the three velocity instruments, 
viz. Robinson, Helicoid and Air Meter, in the usual way by means of the 
recording diiUs, the results being, tabulated both for different mean velocities 
and also for tlie direction of the wind. Secondly, between the Robinson, 
Helicoid, Pressure Plate and Tube Anemometer, by means of simultaneous 
automatic records upon the same sheet of paper. This could only be done 
for a limited time, because to obtain the value of the velocity from the pres- 
sure instruments it was necessary to use a very open time scale. 

It was found that the insulation of the electric contact piece was not good 
during rain, and many of the automatic records on the paper were conse- 
quently indistinct, houce the air meter has not been directly compared with 
the pressure instruments, but only indirectly through the Robinson and 
Helicoid. 

It was not possible to obtain a perfectly distinct line from the pen of the 
Pressure Plate during a gule unless the paper moved at least 2 inches in each 
minute, and hence the cost of the ])jipcr prevented very extensive observations, 
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The plan adopted has been to run the paper for about five minutes at intervals 
ranging from one to two hours during every gale, the times of observation 
being made to coincide as far as possible with the times of highest velocity. 
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Fio. R.— Showing roconls m:i«lo by the Anemometers. 

The manner in which the sheets have Inx^n worked up is best shown by 
reference to an actual casc\ 

Fig. 8 is a reproduction of the marks made by the pens of the various 
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instruments. The bottom line shows the time, the notches being made at 
intervals of every minute. The second line is made by the Robinson Cups, 
the pen being moved electrically, and thus making a notch after every 88 ft. 
of air motion (factor 2). Since 88 ft. = ^th of a mile, the number of these 
notches which occur per minute is equal to the mean velocity given in miles 
per hour. 

The third line is made by the Helicoid Anemometer, and a precisely similar 
remark applies to it. The fourth line is the base line of the Pressure I^ate 
curve. The fifth line is made by the Pressure Plate. So far the figure is 
an exact copy of a portion of one of the sheets, but the next line, which is 
the curve produced by the Tube Anemometer, has for convenience been brought 
down exactly 3^ ins., the base line for this instrument being 1^ in. above 
that for the Pressure Plate. 

To make the comparisons, firstly two vertical lines A A and BB are drawn 
across the paper at a distance corresponding in general to two or three 
minutes, but in this particular instance to one minute. 

Then the number of notches between A A and BB, viz. 20*9, made by the 
Robinson is counted, 20*9 thus being the mean velocity for the minute re- 
corded by this anemometer. 

Similarly 20*4 is that given by the Helicoid. Next the area, viz. 4*75 
square ins., between the two vertical lines, the base line, and the Pressure 
Plate curve is ascertained by the use of a Planimeter, and this divided by 
1*92, the distance between the two vertical lines, gives the mean value of the 
ordinate, 2*47, in inches, and is therefore ^^^^th of the mean velocity in miles 
per hour recorded by the Pressure Plate. A similar process gives 24*9 for 
the mean velocity recorded by the Tube Anemometer. 

It should be added that the calculations have been made throughout by a 
slide rule. It is satisfactory to find that the percentages relating to the 
Robinson and Helicoid obtained from these short intervals agree well with 
those given by the continuous records ; and hence there is no reason to 
suppose that the results given by the Tube and Pressure Anemometers are 
incorrect, because the time of observation was measured by minutes instead 
of hours or days. 

In the following tables the velocity given by the Kew Pattern Robinson 
Anemometer is obtained on the supposition that the factor is 2, and hence 
the values are only f of those usually, but as is well-known erroneously, 
received for the same actual number of turns of the cups. None of tb 
observations made lH»foro the iustruments wore raised have been used, bu 
every one made since then has been incorporato<l into the final result. 

Method of tabulatinc) Results. 

Since the coninienceiiient of the work in DecciiilHT 1890, neiirly 100 yard& 
of paper have been passed throuj^h the recordinp; apparatus, alK)ut 50 yards 
of which have be<'n U80<1 sinco tlic instruments were raised in November. 
Tlie mean values and percontaj^es given in the following tables are based on 
about 90 separate observations, and have been obtained as follows : — 
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Firstly, the results were divided into three groups, (1) those in which the 
irelocity recorded hy the Robinson (factor 2) was under 15 miles per hour; 
[2) those in which it was between 15 and 25 ; (8) those in which it exceeded 
25 miles per hour. 

The separate observations in each group were then tabulated for winds 
from each separate point of the compass, and the mean value for all the 
entries under each point obtained The final mean was derived from these, 
equal weight being attached to each mean, independently of the number of 
observations from which it was derived. Any error which might arise from 
the preponderance of South-westerly winds has thus been eliminated* 

Mean of Becobded Yelooities. 



Direction 

of 

Wind. 


BoLinson. 


Helicoid. 


Pressure 
Plate. 


Tube. 


No. of 
Observa- 
tions, 


N 


19-0 


19-4 


281 


28-8 


1 


NEbyE 


22-8 


25-6 


2G1 


26-2 


2 


NE 


18-2 


20-8 


21-2 


21-6 


1 


ENE 


22-0 


24-8 


270 


25-9 


2 


SE 


18«0 


19-4 


20-8 


19-6 


1 


SEby S 


18-4 


181 


22-6 


21-7 


2 


S 


21-8 


201 


220 


22-9 


1 


SSW 


(H-2 
1 17-5 


18-4 
16-6 


18-5 
19-4 


18-5 
19-5 


2 

1 


SWby 8 


170 


16-9 


190 


201 


1 


8W 


J 19-2 
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The values in Group III. occurred exclusively in the South-west and 
Westerly gales of the l)oginning of December. There can be no doubt but 
that an increased number of observations, including winds from the North 
and East, would raise the mean given by the Helicoid in this group. 

Treating the observations relating to the velocity instruments in the same 
way, the final result is 

Ilobinson. Heliooid. Air Meter. 

Group 1 10-8 10-7 11-2 

„ II 18-9 19-4 18-9 

There are no observations in Group III. because velocities exceeding 25 
miles per hour and lasting for more than an hour or two are entirely wanting. 

The whole distance recorded by the Robinson since November 26t}i, 1891, 
till now (February 22nd, 1892), has been 11,513 miles, against 11,682 miles 
registered by the Helicoid. 

It is worthy of remark that the pressure instruments, and also the velocity 
instruments, keep together fairly well at all velocities : the only exception is 
in the case of the Air Meter, at the lower velocity, but this is easily ex- 
plained by the fact that the Robinson and Helicoid would not begin to turn 
with a velocity under 3 miles per hour, whereas the Air Meter began to 
move at about 2 miles per hour. It is also noticeable that the difference 
between the two types of instrument decreases, not only as a percentage, 
but in actual value, as the velocity rises. The reason of this is subsequently 
explained. 

In estimating the true velocity it is inadmissible to use the values given by 
the Robinson Cups, because the factor 2 has been chosen arbitrarily. It is 
clear, however, from the second set of figures, that had the Air Meter heen 
substituted for tlic Robinson in the first set the result would have been the 
same. If we take the mean of all the values in the first set, giving to each 
gi'oup a weight proportional to the number of observations in it, and then 
express the reading of each instrument as a perccnti\ge of this mean, we 
obtain the following : — 

IlobinsoD. Helicoid. Air Metor. Pressure Plato. Tub©. 

98-2 93-8 94-0 105-8 1072 

the 94*0, the percentage for the Air Meter, being obtained from the second 
set of comparisons. 

In addition to the above comparisons, a few have l>ecn made with a very 
different time scale. The recording api)jiratus was altered so that tlie paper 
might move at the ratt» of 1 in. in the hour instead of 2 ins. in the minute. 

It is clear that this alteraticm taken alone could not alter the meiin values 
given by the pressure instruments, but with this scale the trace given by the 
Pressure Piute generally beejinu; so blotU'd that it was only possible to obtain 
the velocity from it in the case of light winds. The oscillations of the TuIm) 
Aneniouiet«'r were djinij)ed by iiitrodueing a short length of tube with a 
capillary bore at the point F (see Fig. 7) between the head and the re- 
cording apparatus, and the values thus obtained arc 
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Robinson. Helicoid. Pressure Plate. Tube. 
Group I. ... 11-4 11-8 140 14-3 



>» 



n. ... 17-2 18-6 — 21-9 



These are based on 13 separate results lasting during a period of 60 hours. 
Nearly all were made with a Westerly (WNW to WSW) wind, and on com- 
parison with the other values obtained from the same wind it appears that the 
damping of the vibrations does not produce much alteration in the mean 
velocity recorded by the Tube Anemometer. 

Differences between the Instruments. 

The values given by the different instruments not being the same, the 
qnestion arises as to which are most likely to be correct. The methods by 
which the constants of the Tube Anemometer and of the Pressure Plate were 
determined {Proceedings of the lioyal Society, Vol. XLVIII. p. 288, and 
Quarterly Journal of Royal Meteorological Society, Vol. XVI. p. 208, 1890) 
are quite distinct, and hence the close agreement between the two for all 
• veloeities affords a very strong argument for the correctness of both instru- 
ments. Inasmuch as the mode adopted for finding the constants of the Tube 
Anemometer upon the whirling machine was one which achnittod of great 
accuracy, there seems to be good ground for thinking that the relation 
*• P=a008i;*, the relation on which the results given by the Pressure Plate are 
founded, is very near the truth. 

The self-acting Helicoid Anemometer and the Air Meter give nearly identi- 
eal results, but they are about 18 per cent, less than those given by the tube 
and pressure plates. 

The Helicoid was the onl}' velocity instrument which, when tried upon 

the whirling machine, was found to give readings entirely independent of 

the velocity, but the variation in the case of the Air Meter is too small to 

be of much importance. As previously stated, 2| per cent, has been added 

' to all amounts given by the Air Meter. 

Reasons for the difference. 

There are, I think, three points which must be taken into account in con- 
sidering the records of the different instruments. They were all tried, and 
their constants determined on a whirling machine, in which case the motion 
was quite steady. The natural wind is anything but steady cither in direc- 
tion or intensity, and both these differences between the actual wind and the 
artificial wind of the whirling machine may be important. The third point 
is the way in which a high or low velocity will affect each instrument. 

Effect of a Light Wind. 

Taking this first ; if the wind drops to a dearl calm, both the tube and pressure 
plate will continue to indicate a velocity exceeding G miles per hour, although 
the friction has been reduced as nmch as possible. It is probable that most 
recording pressure instruments re(iuire a velocity of at least 10 miles per 
hour before they move at all. With the velocity instruments the reverse 
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effect occurs — before the velocity lias dropped to zero they have ceased to 
move, and hence it is inevitable that in a hght wind the pressnre instnunentfl 
will be too high and the velocity instruments too low. 

As the wind increases, this discrepancy is greatly lessened in two ways: 
the periods of comparative calm l)ocome fewer and also of less duration, 
and the whole amount registered being larger, the error, as well as being 
numerically less, liecomes also of less consequence when compared with the 
whole. Probably it may be considered to vanish when the mean velocity 
exceeds 20 miles per hour. 

Effect of Yarutions in Intensity. 

With regard to variations in intensity, it can be shown that they caose the 
mean velocity recorded by the tube anemometer to be too high. K a table 
be constructed giving the force corresponding to each velocity, it will be 
seen that when the velocity is high, a slight change in its value produces a 
considerable change in the force, whereas when the velocity is low a con- 
siderable change in its value is required to make the same change in the force. 
The result is that when the wind drops to a low velocity the pen requires 
some considerable time to approximate to its proper position, but when the 
wind rises to a high velocity, the time required is trifling. This may be pat 
in another way. The force required to overcome the friction of the pen and* 
carriage is from 50 to 100 grains, hence when the wind drops to 5 miles per 
hour, the pen hardly falls below the position indicating 7 miles per hour, 
because the force then acting upon it becomes less than 100 grains. On the 
wind rising to 20 miles per hour the pen has to rise above the position cor- 
responding to 19 before the force acting upon it is less than 100 grains. To 
put the matter to a practical test, artificial pressures corresponding to 5 and 
21 miles per hour were produced, changing suddenly from one to the other 
and back again at intervals of 15 seconds. The curve thus produced gave 
a mean of 14*4 instead of 13 miles per hoiu*. A precisely similar argument 
will apply to the pressure plati>. It may safely be Siiid that the error thas 
caused will decrease as the mean velocity increases, but it is doubtful if it 
ever vanishes. Very gi*eat and sudden viiriations do occur, several times the 
pen of the pressure plate has jumped up l)etween 3 and 4 inches (30 and 40 
miles per hour) in a fracticm of a second ; during the gale of November 11th, 
1891, it rose from zero to above 60 miles per hour in a time which was cer- 
tainly less than half a second, and variations of from 10 to 20 miles in half a 
second occur frequently 4 or 5 times a minute in erery gale. Tliis must 
make the mean velocity recorded by the Tube Anemometer and the Pressnre 
Plate too high. This variation has a very marked effect on the Robinson 
cups, which t4ike up a velocii}' more qiii<'kly than they lose it. For a steady 
wind of 10 miles per hour tlu» factor appears to exceed 3, but for a natural 
wind, of a mean velocity of 10, comparison with the Air Meter gives a focter 
of about 2. As poiutx'd out in the Keport of the Wind Force Committee 
(Qitar'trli/ Jounwiy Vol. XVI. p. 3J5) it is posFiMe to get experimenhilly 
as low a factor as 1*50 in this manner, 
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So far as can be juJgecl the effect upon the Air Meter tind Hclicoid Anemo- 
meter is nil. 

Effect of Variations in Direction. 

There can be no doubt but that sudden variations in the direction also 
occur. This is shown by the way in which a lightly hung vane will swing com- 
pletely round, and also by the flapping of a flag or similar object. These 
Tariations will not afiect the Robinson Anemometer, as it is entirely indepen- 
dent of wind direction. It is piobable that they do not act upon either the 
Pressure Plate or the Tube Anemometer, for the normal pressure upon a 
square foot plate has been found to vary but litlle until the angle of incidence 
exceeds 46° {Proceedings of U%e Roijal Society , Vol. XLVIII. p. 238), and the 
Tube Anemometer was found to be iiuleptudcut of wind direction, so long as 
the axis of the tube was within 15° of the direction of the wind. The case, 
however, is dificrent with the Hclicoid Anemometer and Air Meter. Trials 
were made upon the whirling machine with the axes of both those instruments 
ioclined at small angles, and it was found that the Air Muter was considerably, 
and the Hclicoid slightly, afiected. It may, perhaps, be said that in common 
use the vane should keep the axis truly pointing to the wind, but it must be 
remembered that the vane cannot act until the wind direction has changed, and 
thai the air which strikes the vane obliquely and turns it round also strikes 
the sails of the instruments obliquely. It follows, therefore, that for a wind 
in which the changes of direction are sudden and frequent, the readings of 
the Helicoid Anemometer and of the Air Meter will be too low, and that the 
error in the case of the Air Meter will be the greatest. For strong winds the 
Air Meter is a little below the Helicoid, and it seems probable that the 
difference may be due to this cause. 

SUMMARY. 

A light wind causes the pressure instruments to bo too high and the 
velocity instruments too low, but the error vanishes with a strong wind. 

Variations in intensity increase the readings of the Robinson and pressure 
instruments, but do not affect the Helicoid or Air Meter. Tlie error de- 
creases with increase of velocity, but i)robably never quite vanishes. 

Variations in direction do not afiect the I^obinson or pressure instruments, 
but make the readings of the Helicoid and Air Meter too low. 

On the whole the moan recorded by tho Pressure Plate and Tube must be 
above the true value, an^l the mean recorded by the Helicoid and Air Meter 
most be below the true value. 

Remarks on the different Instruments. 

It may be well that I should give the result of my experience as to the 
advantages of the different iustrnmeuts. 

The Robinson Cups are very simple, strong, and independent of the direction 
of the wind ; it also appoais from this investigation that the factor of the 
Kew Pattern type is practically constant. It is an objection that the large 
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sizes offer great resistance to the wind, and therefore reqnire a very strong 
and rigid support. During light winds the registration mast depend on the 
order in which the instrument is kept, but I think that a Kew Pattern insira- 
ment must be in a very bad and dirty condition indeed before its registration 
is mach altered during a gale. It hardly seems necessary to add how very 
desirable it is that instruments of certain definite sizes and proportions only 
should be made and used. 

The Holicoid Anemometer is quite independent of friction, for all excepting 
light winds, and different sizes read alike, but it is not so simple in oonstmction 
as the cup form, and its readings are liable to be altered by comparatively 
slight damage to the blades. 

The Air Meter consists of a single screw blade formed of thin alnminiam 
and made as nearly as possible into the exact shape of a portion of a Helieoid. 
A similar instrument with a larger blade, and with the dial protected from 
the weather, would probably form a useful and correct Anemometer. It would 
be light and offer a very trifling resistance to the wind. 

The oscillations of the pressure plate must have been considerably damped 
by the action of the floating weight, but as it was, they were sufficiently 
violent. It is perhaps a question as to how far it is desirable to allow these 
oscillations. The extreme pressures which occur are of very short duration, 
and Ihcy can only bo recorded by an instrument which moves quickly. On 
the other hand, if it move too quickly, its momentum may carry it too fu*, 
and it seems probable that the remarkably high values sometimes given by 
the Osier Pressure Plate may bo due to the inertia of the moving parts. 

The Tube Anemometer appears to me to possess numerous advantages. 
The head is simple in construction and so strong that it is practically inde- 
structible by the most violent hurricane. The recording apparatus can be 
placed at any reasonable distance from the head, and the connecting pipes 
may go round several sharp corners without harm. The power' is 
conveyed from the head without loss by friction, and hence the instroment 
may be made sensitive to very low velocities without impairing its ability to 
resist the most severe gale. The quickness with which the recording appa- 
ratus follows the variations of the wind depends on the length and diametff 
of the connecting pipes, and may be altered at pleasure by a valve placed in 
one of them. It has been previously shown that the mean recorded seems 
to be nearly independent of the size of the pipes. 

Factor of the Kew Pattern. 

With regard to one most important point in connection with this investi- 
gation, namely, the determination of the factor of the Kew Pattern Robinson 
Anemometer, these comparisons prove conclusively that it must lie between 
200 and 2*27. Reasons have been given which at least partly explain the 
ditferonce of 13 per cent, between the two classes of instruments; and if 
these reasons be the right ones, the record of the velocity instruments 
should be accepted as more likely to be correct, at any rate for the high 
velocities. In this case the factor is slightly above 2*00. If, however, the 
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pressure instruments give tlie right value, the factor is 2*27. Probably for 
a steady wind the higher value is best, but for a gusty wind the lower value, 
viz. 2*00, is most correct. 

I think that if 2-10 be taken as the factor, we may be certain of being 
within 5 per cent, of the truth, and that there is a very great probability 
that this value is within 2^ per cent, of the right one. 

It should be added that no correction has been made for the height of the 
barometer, or for temperature. The observations have been made with an 
average pressure of about 29*50 ins., and within the limits of 32° and 50^ 
F. of temperature. 



DISCUSSION. 

Prof. J. K. Laughton said ho did not feel in a position to criticise the paper. 
The investigation carried out by Mr. Dines went so far beyond any inquiries or 
studios of his own, that criticism would, in fact, be almost impudent. On one 
point, however, he felt a glow of modest pride. Ten years a«^o, when addressing 
the Society on the subject of anenioiuetry, he had ventured to renii\rk that some 
nulical reformation of the head of anemometers was re(|uired, rather than 
improvements and modifications of the recording apparatus. lie might, perhaps, 
be tkllowcd to flatter himself that tliese remarks had exercised some influence 
in directing the course which Mr. Dines had pursued. Ho was delighted to learn 
that Mr. Dines, by his ingeniousmodiiication of the tube form of anemometer, had 
successfully overcome the serious difliculties which had hitherto been experienced 
with this description of instrument. The tube anemometer had always been 
a favourite fancy of his own, and it was interesting to find tliat it could bo made 
to give such satisfactory results as were shown in Mr. Dines's comparisons. 

Mr. Latham said that ho, with other gentlemen interested in this investigation, 
had visited Mr. Dines's establislunent and had witnessed the thorough manner 
in which the comparisons had been conducted. It was only by personal 
inspection of the apparatus and means devised by Mr. Dines for elliciently 
carrying out this inquiry that the value of the work could be properly 
appreciated. Every meteorologist could not but feel extremely f^ratefid to Mr. 
Dines for the pains ho had taken and the excellent results that had been 
obtained. Mr. Dines had so tliorouj^hly mastered the wliolo subject that any 
criticiam of the results of his labours was out of the question. He thought the 
results of tliis comparison tended to restore confidence in the indications given 
by the Kobinson cups. 

Mr. Whipple said that h<» sincerely thanked Mr. Dines for his valuable 

contribution to meteorologicid knowledge. He had visited Oxshott, in company 

with Mr. Munro, and had the pleasure of witnessing Mr. Dinos's ingenious 

contrivances for recording the indications of the anemometers, and also of 

listening to his concise explanation of the methods adopted. He (Mr. Whipple) 

was particularly dohghted with the excellent use which had bcTon made of the 

tube form of anemometer. The modification of the principle of Hahnemann's 

anemometer, which Mr. Dines had devised in his arrangement of tubes, 

removed all sources of error whicli arose when it was desired to record the 

amount of pressure under the varyinj^ conditions of air pressure which were 

usually to be met with in rooms. He was not disposed to think, as did Mr. 

Latham, that our confidence in the Kew pattern Kobin.son anemometer was 

restored, for recent experience witli cup anemometers had shown liim that some 

observers rarely attended to the lubrication of these instruments in a proper 

manner, and consequently their indications were anythin;^ but reliable. Tho 

results from the tube luiemonieter appeared to point to tlie possibility of liavinff 

a form of anemometer which did not require the use of niecliaiiisiu. * Tlie 

nature of tho fluid used in Mr. Dines's ' •,'as-holder ' arran^'cment would perhaps 

require to be further considered, as, in tliis country at any rate, it would not 

always b© possible to use water. There was a form of air- meter known as 
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* Lowne*8 ' which was extensively used by enjpneera and others for measuring 
the velocity of air currents in chiumey shafts, &c., and he should like to see some 
results of a comparison between this and other similar instruments in order to 
test the trustworthiness of its records. A number of these air-meters had been 
verified at Kew, but always by means of the whirling machine ; and from what 
he knew of their performances the instnunents appeared to give better indications 
in recent years than was formerly the case. He should like Mr. Dines to give 
some information as to the 'mounting' behind the circular pressure plate. 
He had been lately working with Richard's An^mo-Cin^mographe, an instru- 
ment which much resembled the helicoid form of anemometer, and he had 
noticed that with li^ht wind velocities, the instrument very closely followed the 
variations of wind force, certainly much better than large anemometers such as 
the Kew pattern Robinson. 

Mr. Symons drew attention to the desirability of anemometers being properly 
exposed. Althougli for thirty years past it had been commonly known that 
anemometers placed on the tops of buildings were liable to be influenced by 
eddies, nearly every anemometer in the world was so placed. The continued 
use of the factor 8 ifor liobinson cups was hardly creditable, seeing that as long 
ago as 1874 it had been proved to be wrong, and as far back as 1879 the factor 
had been quoted in the Qmirterli/ Journal (Vol. V. p. 211) as 2*8, while Mr. 
Dines's present paper gives 2* 1 as the most probable value. If so, it follows 
that when a liobinson anemometer records a velocity of 80 miles an hour, the real 
velocity is 56. It would be very interesting if Mr. Dines would state what he 
considered to be the greatest real velocity and corresponding pressure that had 
occiured since his records commenced. 

Mr. Dines, in reply, said that Mr. Laughton's remarks in his Address on 

* Anemometry,' delivered in 1882, had originally started the idea of carrying out 
anemometrical investigations. As regarded Mr. Whipple's remarks concerning 
the use of water in the recording apparatus of the tube anemometer, that part of 
the instriuuent could be placed at any distance from tlie head, so that frost need 
not interfere with its action. Water, however, evaporated, and its use was open to 
objection on that account, probably parafUn oil would be a better fluid for the 
piu*po8e. As regarded inattention to lubrication affecting the records from the 
Kew pattern liobinson anemometer, there was no doubt that if the cups 
were allowed to get dirty the indications for light winds were hopelessly wrong, 
but in a gale ho did not think their dirty condition would make much difference. 
He had never had any experience with Lowne's anemometer, but it had the 
reputation, whether true or not he could not say, of going to pieces when 
subjected to a velocity exceeding 20 miles per hour. The circiilar pressure plate 
had practically nothing behind it which could influence its indications, the 
support being so small that it offered very little resistance. He certainly 
thouglit that it should not be stated on the Kew Observatory certificate of 
verification for anemometers that the instrument read so much * per cent, of the 
true amount^' it having long been known that the factor 3 was wrongi 
and consequently that the ' true amoimt ' was nothing of the kind. Ab 
regarded the question of exposure of anemometers on the top of houses, he had 
found eddies present at an elevation of 9 feet above the roof, but he thought the 
question required further experimental investigation. In reply to Mr. Symons'a 
question, he believed that the greatest pressure which had occurred was 
between 11 and 12 lbs. per square foot during the gale of November 11th, 1891 ; 
a gale which had blown down at least ten trees within a quarter of a mile of the 
instruments. 

Mr. Curtis wished to support what had already been said as to the skill and 
ingenuity shown by Mr. Dines in devising and carrying out his experiments. 
The whole series, so far as it related to anemometers, had been most complete, 
and it afforded the data which till now had been wanted for placing on a 
satisfactory footing the question of wind measurement. He would like to 
know if it was intended to make any practical use of the data, now that it had 
been obtained at the expenditure of so much time and trouble ? The first 
thing to be done was to change the admittedly erroneous factor at present in 
use, for one more in accordance with the result of these experiments, althougb 
it must not be forgotten that Mr. Dines had worked only with the " wind-wheel," 
and without its being geared to the usual shafting and recording apparatus. Ill 
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this eonnection he wonld like to emphasise the remark Mr. Dines had made near 
the close of paper, as to the desirability of limiting the sizes and proportions of 
the Robinson instruments, for at present makers seemed to regard this as a 
matter of absolutely no importance. Then again, these experiments made it 
clearer than ever that a house top is an entirely unsatisfactory place for an 
anemometer, owing to the eddies and deflections of the wind which are 
invariably set up by the building ; more attention ought certainly to be paid to 
the question of exposure, and considerable alterations ought to be made in the 
eonditions under which many anemometers were now kept at work. With 
regard to the sudden changes of direction, of which Mr. Dines had spoken, it 
was a fact that in weU exposed places these were far less frequent than was 
generally supposed, and he did not anticipate that the helicoid or tfir meter 
would experience much loss from this cause, provided they were well exposed in 
a position free from artificially -caused eddies. 



THE HURRICANE OVER THE WEST INDIES, AUGUST 

18th-19th, 1891. 

By FRANCIS WATTS. 
(Commuaicatod by the Meteorological Council.) 

(Plate VIII.) 



[Received January 27th— Bead April 20tb, 1692. ] 

On Angnst 18th, 1891, a hurricane of great violence swept from the 
Atlantic into the Caribbean Sea. The following facts have been collected, and 
from them the extent and movement of the storm can be ascertained. 

Taking the information in order from south to north : 

From Barbados it is reported that on the evening of August 18th the 
wind was North-west to West, the barometer falling slightly, and the general 
aq)ect of the sky indicative of some atmospheric disturbance. 

At St. Uicia (August 18th) at 4 p.m. the barometer began to fall, 
and continued falling until 7.80 p.m. when it began to rise again (the extent 
of fall not ascertained). The changes of the wind were as follows: — 



8 p.m. 


NNW 


force 6 


6.80 p.m. 


WNW 


do 6 


6.30 p.m. 


WNW 


with very heavy rain and some sea 
from the west. 


7 p.m. 


WKW 


force 4 - 6 



Martinique. This Island experienced the full force of the hurricane ; the 
earliest indications of approaching danger were the whitish haze visible on 
nw 8BBIB8. — ^voL. zvm. o 
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the afternoon of the 17th, and the hak round the moon $k viffiAi Ami 
following observations from Le MonUeur de la MarUmigus (Joomftl (MMa^ 
of August 25th, very well describe the progress of the stonn ovor IM Ja 
France. 

" The fall of the barometer began at noon, but it did not vaiy ^ 
normal rate until 4 p.m. At that time the leaden ooloor of Um dty« tt»i 
which followed each other with considerable force, the baromeler, 
already fallen to 758 mm. (^*84 ins.), were all si^pia whidi aonaJbtoacI to gM 
the alarm and warned seafaring people to be on their guard. 

** At 5.80 p.m. the barometer stood at 757 mm. (29*80 ins.), and we i^MMtljil 
that Fort de France lay on the track of the cyclone. From that momittt Al 
gusts of wind became more violent, the barometer oontinned iti chNmnra 
movement and thick rain began to fall. 

" The wind blew from North-east without intermiasion, proving that 
in the line of the centre. 

** From 7 to 8.15 p.m. the wind blew a hurricane from the North" 
suddenly the wind and rain oeaeed, the sky cleared, and ad 
observer would have believed in this treacherous calm. It was the 
the centre of the cyclone. The barometer had faUen to 721 mm. 

*' At 8.80 p.m. the hurricane recommenced, but from the 8onlh-wqat,i 

ing from a direction directly opposite to that from whioh it had blown al flnft ; 
we passed at that moment mto the second half circle of tiie cyekmet mIM hf 
sailors the * navigable semicircle.' At 9.80 the hurrioane blew mnaotfyt ^BHd the 
barometer rose and the wind veered to the South-east, showing Haft the 
phenomenon was leaving us. At 10.80 there were still strong gnats ftona the 
South-oast, but comparatively weak, and coming like dying gasps of tlu dofouiqg 
monster." 

A self-registering barometer is kept at the Club, the Gerele de St. Ham, 
and from the diagram^ (p. 187) the movements of the barometor, and the 
time at which they occur, can be ascertained with great aocoraey. Hie in- 
strumont failed to mark the paper for about 20 minutes, and thia hbCbt* 
tunatoly at the time that the centre of the cyclone was passing, heoee flie 
full extent of the fall of the barometer was not registered. From abool BJU 
until nearly 9 p.m. the barometer made a series of rapid rises aad iJh 
through a range of about a quarter of an inch. 

From Dominica it is reported that the barometer fell abont two-tenfha of m 
inch during the morning of the 18th, and that the total fall dnring tiio day 
was only about *2o in. or -30 in. Heavy showers fell during the morning, aiiHl 
in the afternoon the wind began to blow in violent gusts from the Basi-noflh*' 
east, increasing in violence up to midnight, the wind slowly veering to East, 
East-south-east, and by morning to South-east. Lightning was frequent, 
but there was no thunder. 

From the Report of Captain F. W. Powles, R.M.S. E$k, the force of the 
wind from 8 p.m. until 1 a.m., during which time the Esk was off the 
island, was 10 to 11 of Beaufort's scale. 

The R.M.S. Esk loft St. Pierre, Mjirtiniquc, at 2.80 p.m.. thus escaping 
the full violence of the hurricane. Captain Powles has communicated the 
following interesting report (p. 187). 

1 We are indebted to Mr. Symons for the loan of this block.— Emroa, 
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KxIracU [rom the Log B.H.S. Gi*. Anfmit l^th-igtli, iSgi. 



Adodbt 17TR. 
C.JO p.m. Lett Dnrbtdoa toi St. Pierre. Fine, but! 

hBi:y I NEtoBKE,j-<4 

Hidniclit. Fine and clear. A film over Hkj and halo 

ronnd moon I BMB, ] 

AnoDST iSiB. 

4k.m. SqnftUy. Sea moderate BKB, 3 

- line. AiTJTed Bt Caatriee, Bt. LiteU ....I BHB,^ 
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ExtraetB from the Log B.M.S. Etk, Angust I7th-i9th, 1891 — CawHmted, 



August i8ih. 



8 a.in. 



•» 



9 
10 

II I. 

Noon. 
I p.m. 



2 

3 

4 

5 

6 



ti 

(t 
II 



7 M 

7.30 „ 
8 



zo 



II 



tf 



♦I 
*i 



*» 



Midnight. 
August 


I 


ft.m. 


a 




3 




4 




5 

6 




7 




8 


It 


To Noon. 



Bainy; at 8.30 left St. Laoia. Prokmged 

squalls and rain 

Overcast with rain 

Do. 

Overoast Eky 

Fine and dondy 

Arrived at St. Pierre, Martinique. Moderate 

and oloady 

Moderate and dondy. 2.30 left Martini<|ae 
Strong squalls and heavy rain. Sea rising 

from ENE 

Heavy rain and high sea 

Overoast, with rain at times 

Very threatening sky, hut less wind ; a break 

in the sky to the West; observed the 

sun for a few minutes 

At Dominica. Heavy rain • • • • 

Violent squalls and heavy rain 

Do. do. Left Dominica and 

steered NW by N 

Violent gale, with terrific squalls and rain 

Do. do. Lightning to the 

southward... 
Do. do. Heavy rain • • . 

More moderate 

19TH. 
Violent squalls. Lightning, thunder and 

heavy rain 

Overcast ; squidls less violent 

Do. do. 

Very heavy rain and hard squalls 

Do. do. 

Violent squalls and heavy rain 

Less rain; sky dearer. Guadeloupe in 

sight,SE 

Weather dcaring to SE. Sea high from 

SBtoS 

Weather clearing up rapidly. A heavy 

bank of douds sinking to the WNW . 



Wind. 



NE, 7^8 

NEtoNNB, 7 
NEtoNNK, 6 

NE to NNB, 5 

ENR, 3 

NNE,4 
NE.s 

NE.7 
ENE, 6 

ENE, 7-9 



ENE. 6-4 

ENE, 4 

ENE, 7-10 

ENE, 10 
ENE, II 

ENE to E, II 
E, II 

E,7-8 



ENE to E, lo-zi 

E to RSE, 9-10 

ESE to SE, 9 

ESB to SE, 9 

ESB, 9 

SE. 9 

SB. 9 

SE to ESE, 9 



Baro- 
meter, 

In. 
30-15 
30*20 
30-17 
30*16 
30-13 

30*10 
30-07 

3003 
30-00 
29*96 



29-96 
30-01 
29-99 

2999 
29-97 

30*02 
3003 
30*02 



30-02 
3003 
30*04 
30-03 
30*06 
30*11 

30*10 

30*15 



*' The hurricano was of small diameter, probably not more than 80 milee, 
but of great violence, the centre passing over Fort de France between 8.15 
p.m. and 8.80 p.m. of the 18th August ; the direction of the wind changing 
from North-east to South-west at that time (Le Propayateur, quoting Journal 
Officiel, August 26). The hurricane was of greatest extent north of the 
centre, for at St. Lucia, 80 miles south of the centre, the wind did not blow 
with great force. From information I obtained from the Harbour Master 
there, the wind] was at 3 p.m. North -north- west, force 6; at 6.80 p.m. 
West-north-west, force 6 ; at 6.30 West-north-west, with very heavy rain 
and some sea from the westward; at 7 p.m. the rain ceased and the sea 
went down. But at Dominica at 8 p.m. the wind was East-north-east, 
force 10, nearly 60 miles from the centre. The disturbance did not reach 
very high in the atmosphere. While the hurricane was approaching 
occasional breaks in the sky showed the higher clouds to be nearly motion- 
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less. Camillas was seen travelling slowly from north-oast. At 6 p.m. on 
the 18th at Dominica the son was seen for a few minutes, when the upper 
douds were not moving with any rapidity. The air was drier than usual 
in the advancing portion of the storm. 

''At Dominica I am told that the wind came from the Southward aboat 
11 p.m., and at 2 a.m. the heaviest sea was experienced. 

''At Martiniqae the fall of the barometer is reported to have been as 
follows : — 

At St. Pierre 1-417 ins. 

At Fort de France 2*165 ins. 
At Mome Rouge 8*149 ins. 

" This last is so great that I think it probable the height of the barometer 
above sea level may not have been allowed for. 

" The earliest signs were in the sky. The haze seoh on the afternoon of 
the 17th and the halo round the moon were unusual. The barometer did not 
give any decided warning on board the Esk, 

" The fall of the barometer at St. Pierre was very rapid while the centre 
was passing over Fort de France, from 6 to 8 p.m. it fell 1*101 ins., and 
rose again in the next two hours to about the same height.*' 

From Montserrat an interesting series of observations has been forwarded 
by Mr. F. Driver. 



Aagust. 


Time. 


Wind 
Direction. 


Force. 


Barometer.^ 


Xo . . « • . . 

«9 


lo p.m. 
2 a.m. 

9 M 

xo „ 

X0.30 „ 

X2.30 „ 

2 p.m. 

4 » 

7 » 


ENE 

NE . 

E 
ESE 
ESE 
ESE 
ESE 

SE 

SE 


6 

7 
8 

7 

# 

6 

3 
6 

5 
3 


Ins. 

2965 

2962 

2964 

29*68 

2970 

2965 

29*64 

2963 

2965 



1 The barometer is an aneroid, situated 400 feet above sea level ; the readings are 
unooirected. 



AnUgtia was so far removed from the hurricane track as to experience 
little more than a moderate gale ; the barometer fell very little, but the 
rapid motion of the lower clouds, together with the steady veering of the 
wind, pointed to a cyclonic disturbance to the southward. At 5.80 p.m. the 
wind was blowing from North-north-east to North-east, and the lower 
deads were moving with some rapidity, while an upper stratum of oirro- 
camolas cload appeared quite motionless ; thus confirming Captain Powles' 
observation that the ** disturbance did not roach very high in the atmos- 
phere." By about 9*80 the wind was East, force 5, slowly veering to South- 
east by morning with force 2 to 8 at 9 a.m. on the 19th. The greatest 
force of the wind during the night of 18th did not exceed 6-7. The 
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foUowing were the readings of the barometer at the Govemmenl Laboratorj 
(«orrecM for hei^ above sea level) : — 



AagUBt. 


Time. 


Wind. 


Foree. ^ 


Barometer. 


> 

i8 

19.'.-.. 
«t 


9 a.m. 
3p.m. 
9 a.m. 
3 p.m. 


BNE 
K£ 

SB 
S£ 


4 

4- 

2 

2 


Ins. 

30193 

30*128 

30*122 

30*078 



The record of the self-recording barometer daring the same period shows 
how slight was the barometric disturbance at this ^ot. The disturbance on 
the morning of August 24th was much more evident ; but no informatioii 
tvspeeting a cydone on this date has been received. 

The following extracts from the Log of R.M.S. Tyne serve to show the 
aonditions on the eztareme northern edge of the cyclonic area : — 



Aagnst. 


Time. 


i8 

»i 

i» 

19 

II •••••• 

II •...•• 


4 p.m. 
8 „ 
Midnight 
1 a.m. 

4 M 

6 
10 „ 



Poaiiion. 



Wind. 



Anguilla 

Off St. Martin's 

Ofif Saba 

. • • • 
Off Enstatius 
St. Eitts 
Nevis 
Off Nevis 



NNE 

NE 

£N£ 

E 

E 

E 

£ 
ESE 



Force 


Barometer. 




Ins. 


4 


30*12 


4 
5 


3009 
3006 


6 


30*02 


5 


3004. 


5 
5 
5 


30CH 
30*06 
30*06 



Weather very hazy on evening of 17 th and morning of i8th 

The subsequent course of the storm is described in the PUot Chart d 
the North Atlantic for September , 1801, published by the United States 
Hydrographic Office : — *' The data thus far received are too incomplete to 
allow of plotimg the track of the hurricane with any certainty, although it 
appears to have moved about North-north-west over Santo Domingo, bjA 
thence northward and eastward.*' The accompanying chart (Plate VIII*) 
gives the track as plotted on the Pilot Chart, which traces it up to the 28tti 
m 60°W and 85°N. 

The facts here given summarise the whole of the information received 
respecting this particular storm. 
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CLIMATOLOGY. 



Tbirteenth Annnal Exlubition of MroiDents, 

Held, by permission of the Council of the Institution of Civil 
Engineers, at 25 Great George Street, Westminster, B.W., 

MABCH 15th to 22nd, 1892. 



THERHOMETBBS AND SCREENS. 



Olimatttlogical Station. Instruments necessary for the equipment of a 
Climatological Station , viz. : 

Stevenson Thermometer Screen, fitted with 

Dry Bulb Thermometer. 

Wet Bulb 

Maximum 

Minimum ,, 

Rain Gauge and Measuring Glass. 

Exhibited by TuE Mbteoboloqical COUNCIL. 

^ Biohard'l Thermograph. The thermometer consists of a very thin curved 
metal case (a Bourdon tube) containing alcohol, one end being a fixture 
and the other moyeable. As the alcohol expands or contracts with 
the changes of temperature it alters the curve of the tube, making it 
flatter or otherwise. The end of the tube communicates its motion by 
means of a metal rod to a lever carrying a pen, which marks on a gra- 
duated paper wound on a cylinder. A clock turns the cylinder round 
once in jeven days, Exhibited by MM. Kichabd Fb^bes. 

^ ffiOOila'P Kerearial Minlmnm ThemKHneter. At a short distance from 
the bulb a small bent tube with a large bore joins the indicating tube. 
At the upper end of this bent tube there is a flat glass diaphragm, 
which is formed by the abrupt junction of a small chamber, tne inlet 
to which 18 larger than the uorc of the indicating tube. The result of 
this is that on uie thermometer beine set, the contracting force of the 
mercury in cooling withdraws the fluid in the indicating stem only, 
whilst on its expanding with heat the long column does not move, 
the increased bulk of mercury findins an easier passage through the 
larger bore into the small pear-shaped chamber attached. 

Exhibited by L. P. Casella, F.R.MetSoc. 



Grass Mi n imum Thermometer. Extra sensitive for obser- 
vations of terrestrial radiation. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

Symons's Earth Thermometer. This consists of a sluggish thermometer 
mounted in a short weighted stick attached to a chain, and an iron 
pipe which is drawn out at the bottom to a point for driving into the 
eiulh. The thermometers exhibited are for the depths of 1 and 4 feet. 

Exhibited by L. P. Casella, F.R.Met.Soc. 
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6. Case for holding Heteorological InBtramentB under a Thatch Shelter 

at Stations in Tropical Africa. This is the first.made, and future ones 
will be slightly modified. The dimensions are such that all the instru- 
ments, including the rain gauge, can be sent inside; the stand is wholly 
of metal, so as not to be deranged by changes of the hygrometric con- 
dition of the air. Exhibited by H. S. Walus, F.R.Met.Soc. 

7. Pneumatic Thermometer for recording the variations of temperatore 

at a distanoa Exhibited by Messrs, Negretti and Zambra. 




^ 



SUNSHINE RECOBDEBS AND ACTINOMETEBS. 

8. Oampbell^B Sunshine BowlSi exhibiting the effects of Sunshine during 
the half years ending June 21st and December 21 st, 1891. 

Exhibited by The Meteorological Council. 

9. CampbeU-Stokes Sunshine Recorder. This consists of a sphere of glass 

4 inches in diameter, supported on a nedestal in a metal zodiacal frame, 
which is grooved for holding the caras. 

Exhibited by The Meteorological Council. 

10. Sunshine BeCOrderi with adjustments for use in any latitude. 

Exhibited by Messrs. Negretti and Zambra. 

11. Whipple-Oasella Sunshine Recorder, The instrument is furnished with 

divided latitude and declination circles, and thus can be easily set for 
any locality and for any day in the year. 

Exhibited by L. P. Casella, F.R.MetSoc. 

12. Jordan's Sunshine Recorder. First Pattern. (March 1885.) This instru- 

ment consists of a cylindrical box, on the inside of which is placed ^ 
strip of cvanotype pa|>er. Sunlight being admitted into this box b 
three small apertures, is received on the paper, and travelling over it b 
reason of the earth^s rotation, leaves a distinct trace of chemical action 

Exhibited by J. B. Jordan 

13. Jordan*S Sunshine Recorder. Improved pattern. (November 1885.) I 

this instrument two apertures are used instead of three. 

ExAibited by Messrs. Negretti and Zambra 

14. Jordanli Sunshine Recorder. New pattern. (March 1888.) Th 

improvement in this instrument over the others consists in using tw 
homi-oylindrical boxes, one to contain the mominff and the other th( 
afternoon record. An aperture for admitting the beam of sunlight i 

{daced in the centre of the rectangular side of each box, so that th 
ength of the beam within the chamber is the radius of the cvlindri 
surface on which it is projected; its path therefore at all season 
follows a straight line on the paper. The hemi-cylinders are placed 
their diametnu planes at an angle of 60°. 

Exhibited by Messrs. Negretti and Zambra^ ^ 

15. HoIieod*s Photographic Sunshine Recorder. This instrument consists 

of a glass sphere silvered inside and placed before the lens of a camcrca^ 
the axis of the instniinent being placed parallel to the polar axis a/ 
the earth. The light from the sun is reflected from the sphere, and 
some of it parsing through the lens forms an image on a piece of cyano- 
type paper within the camera. In consequence of the rotation of the 
earth, the image describes the arc of a circle on the paper, and when 
the sun is obscured this arc is broken. 

Exhibited by THE Kew Committee. 





feXdlBltlOK 0^ METfiOBOLOOICAL niSTttUMBNTfi. 198 

Chemical Photometer devised by Sir H. Roscoe, H.P., F.R.S. By means 

of this instrument a strip of paper is so exposed to daylight that the 
time requisite to produce a definite chemical effect can be calculated to 
seconds. The paper is prepared by pasting pieces of standard sensitive 
paper upon a band, and inserting this into a thin metal slide having a 
small opening at the top, furnished with a cover, which can be made 
instantly to open or close the hole under which the sensitive paper is 
placed. (First Pattern, 1863.) Exhibited by The Kew Committee. 

HerBChel*8 Actinometer^ for ascertaining the absolute heating effect of the 
solar rays, in which time is considered one of the elements of observa- 
tion. The instrument consists of a large cylindrical thermometer 
bulb, with a very open scale, so that minute changes may be 
easily seen. The bulb is of transparent glass filled with a deep blue 
liquid, which is expanded when the rays of the sun fall on it. When 
taking an observation the actinometer is shaded for one minute and 
read off; it is then exposed for one minute to sunshine, and its indication 
recorded ; it is finally shaded again, and its reading noted. The mean 
of the two readings in the shade, subtracted from that in the sun, indi- 
cates the expansion of the liquid produced by the sun's rays in one 
minute of time. Exhibited by The Kew Committee. 

HodgkineOQ^B Actinometer. This instrument consists of a thermometer 

with a spherical bulb one inch in diameter, and a tube, of which an inch 
and a half next the bulb is graduated. The fluid employed is alcohol 
coloured with a drop of pure aniline blue. The principle of the in- 
strament is the same as that of Sir J. HerschePs. It was devised for 
mountain use, where the weight of Herschers instrument and the 
fragility of its internal thermometers are elements of difficulty. A plain 
telescope tube of bright metal 18 ins. long and 2^ ins. in diameter, open 
at both ends, is pierced in its central section with a circular hole 1^ 
to 1} in. in diameter, from which springs a flanged shoulder projecting 
about (in. to receive a perforated split bung, which clasps the thermo- 
meter stem and holds the bulb firmly in the centre of the axis of the 
tube. Two caps, fitted with clear plate glass, are made to slide off and 
on at the two ends, to admit of the glasses being readily wiped. (Proc, 
Roy. Soc, Vol. XV. p. 321.) Exhibited by The Kew Committee. 

• Ponillet^B Direct Pyrheliometer. This instrument is composed of a shal- 

low cylinder of steel which is filled with mercury. Into the cylinder a 
thermometer is introduced, the stem of which is protected by a piece 
of brass tubing. As the surface on which the sun^s rays fall and the 
quantity of mercury within the cylinder are both known, the effect of 
the sun's heat upon any area can be expressed by stating that it is 
competent in five minutes to raise a given quantity of mercury so many 
degrees in temperature. Exhibited by The Kew Committee. 

• Violle'B Actinometer. Exhibited by The Kew Committee. 
. Watkin'B Actinometer. Exhihiteil by The Kkw Committee. 
. Decoadon*B Photometer. Exhibited by The Kew Committee. 



SOLAR RADIATION INSTRUMENTS. 
. Black and Bright Bulb Thermometers in vacuo, mounted in an upright 

position with the bulbs uppermoHt (as used at tlie Montsouris Obscrva* 
tory, Paris), Exhibited by Messrs. Negketti and Zamura. 

. Solar Radiation Thermometer in vacuoi witli mercurial test gauge. 

Exhibited by Messrs. NegreTti and ZaMBRA. 
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25. Bichard*8 continaondy recording Black and Brif^t Bnlb Solar Badia- 

tion Thermometen. Exhibited btf MM. Kichabd Fk^bs. 

26. Hicka's Black-bolb Maximnm Thermometer m vaeuoy with platinim 

wires and battery for testiog the yacuam. 

Exhibited by J. J. HiCKS, F.R.Met.Soc 

27. Hicke'B Badio-Solar Thermometer. This is the ordinair Black-bulb 

Maximum Thermometer in vacuo^ but having at the ead of the outer 
jacket a second chamber in which is mounted Yertically one of Cvookas' 
radiometers for indicating the vacuum. 

Exhibiied by J. J. HiCKS, F.R.Met.Boc. 

28. Frankland'8 Self-registering Differential Solar Thermometer for re- 

cording the maximum solar intensity (Proe. Boy, Soe. Vol. XXXIII. 
p. 338). Exhibited by L. P. GaflBLLA, F.R.Met.Soc. 

29. Sonthall 5 Helio-Pyrometer) for testing the accumulated heat of the sun 

in a confined blackened space, under glass. A black bulb maximum 
thermometer is laid on a cushion at the bottom of a box, tiie sides oi 
which are also cushioned, and a thick piece of plate glass covers the 
top to prevent currents of air carrying off the heat, also with the 
view of preventing the cooling effects of terrestrial radiation. The box 
is placed in such a position that the sun*6 rays may strike as nearly as 
possible perpendicularly on the glass. A small vessel is also added, 
in which water boils in the box, a piece of tube canying off the steam. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

30. Experimental Blaok-bulb Maximum Thermometers in vacuo and appa- 

ratus for comparing the same with the heat radiated from an Argand 
gas burner. Exhibiied by The Kew COMMITTEE. 



HTOBOHETEBS. 

31. SansBure'B Hair Hygrometer. This consists of a brass frame with a hair 

fastened at one end by an adjustable screw and at the other passed 
round a wheel carrying a long arm which travels over a graduated arc A 
counterpoise weight is used to keep equal tension upon the hair. 

Exhibited by G. J. Symomb, F.B.8. 

32. Two Old Patterns of SaoMure'i Hair Hygvometen. 

Exhibited by G. J. Stmoms, F.R.S. 

38. Bichard*8 Self-recording Hair Hygrometer. The recording portion is 

similar to that of the barograplis and thermographs made by this firm. 
The actuating portion is a wisp of about a doaen hairs fastened at each 
end, and stretched laterally by a small weighted lever, the elongation 
and contraction of the hairs causes motion of the lever and is thereby 
recorded on the cylinder. Exhibited by liM. Bjchakd Fs^ei. 

34. Klinkerftiee'B Hair Hygrometer. This differs from the Sauaaore hygro- 

meter, as it is the stiffness of the hair which actuates the instrument and 
not the variation in its length. A wisp of half a doxen hairs, each 
two inches long, is fixed at each end, and in the middle is sliffhUy 
twisted by a spring. The greater the dryness the more does the rigidity 
of the hairs stretch the spring, and on the contrary in damp weather the 
spring overcomes the power of the hairs. This variation is by simple 
mechanical means made to turn a hand on a graduated dial. The indi* 
cations of the instrument are given in degrees of relative humidity. 

Exhibiied by TuE METEOROLOGICAL Council. 

35. Kater's Hygrometer- The active agent in this hygrometer is a twisted 

filament of the Indian Grass (AtulrojHtgon contortum). It is graduated 
from to 1,000, being laid off when the instrument was immersed in 
unslaked lime, and 1,000 when saturated with moisture. 

Exhibited by G. J. SYM0N8, F.R.S. 
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B6. Oftt B^Ard HyffromdtOI) or Pocket Damp Detector. 

Exhibited by F. C. Bayard, F.R.Met.Soc. 

^« NiOOUo'B AqaeOUB Hotor. A thin piece of wood cut across the grain 
contracts and expands according to whether the air is getting more dry 
or more moist ; the change in the length of the wood is conve^'ed to a 
pointer on a dial which indicates by figures the relative humidity. 

ExhibiUd by B. C. Wain WRIGHT, F.R.Met,Soc. 

38. DanieirB HygFOmetor. This consists of a glass tube bent at right angles 

at two points, with a bulb at each extremity. One of the bulbs, which 
is of black glass, is nearly filled with ether, in which is placed the bulb 
of a thermometer ; the other bulb is covered with muslin. This muslin 
beins wetted wiUi a few drops of ether, evaporation takes place, 
whico quickly cools the bulb, and thus condenses the vapour of the 
etlier within. In consequence of this the ether inside the other bulb 
evaporates, and its temperature being thereby reduced, a ring of dew 
begms to be formed outside the black glass bulb. At this instant, the 
thermometer inside is to be read, as the reading gives the dew point of 
the air at the time, and the temperature of the air is to be read from 
the thermometer attached to the pedestal of the instrument. 

Exhibited by G. J. Symons, F.R.S. 

39. BognaolVs Hygrometer. This consists of two very delicate thermometers, 

the bulbs of which pass through collars nearly to the bottom of two 
thin and hifflily polished silver cylinders. From near the bottom of 
these cylinders two tubes, which subsequently unite, pass to an aspirator. 
One of the silver cylinders has to be supplied with sufficient ether to 
completely immerse the bulb of the thermometer. The aspirator 
being filled with water and the tap at its base turned, air is drawn past 
the thermometer bulbs and through the two cylinders ; in passing, how- 
ever, through the one partly filled with ether, rapid evaporation is pro* 
duced, the temperature falls, and when the cylinder is dimmed by the 
deposition of dew, that thermometer shows the dew-point temperature, 
and the other one that of the air. 

Exhibited by Messrs. Negretti and Zambra. 

40. Alloard's Hygrometer. In 1877, Mons. Alluard introduced a somewhat 

modified form of Kegnault*s hygrometer. The modification consists in 
replacing the silver tliimble by a brass tube of square section provided 
widi yanoQs metal tubes to allow of the passage of air through the ether 
contanned in the tube. Instead of the glass upon which Regnanlfs 
thimble was mounted, there are two windows in opposite sides of the 
square tube, near to the top. These enable the bubbling of the air 
tmroiigh the ether to be watched. The sides of the tube are gilt and 
highly polished, and one of them is framed by a broad band of brass, 
gilt ana polished in like manner. This surrounding band is very near 
to, but does not tonch, the brass tube. The dew is therefore deposited 
on a fiat gilt surface, and the identification of a deposit is rendered 
easier by the proximity of an unaltered surface with which to compare 
the cooled one. Exhibited by The Meteorological Council. 

41. Leslie's Hygrometer. A glass tube bent siphon fashion is fixed with the 

bend downwards. Each upper extremity terminates in a hollow bulb. 
The tube contains rather more than enough coloured sulphuric acid to 
fill the whole of one leg. One of the bulbs is of blue glass, the other 
is covered with wet muslin like a wet bulb thermometer ; the result of 
the cooling thereby produced is to cause the air in that bulb to contract, 
and the liquid to rise in the vertical tube of which it is the terminal. 
Hence the readings indicate the rate of evaporation. 
This is an application of Leslie's Uitfercntial Thermometer. 

Exhibited by Messrs. Neorbtti and Zambra. 
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42. Jones S Hygrometer. The tube of the thermometer is bent to as to bring 

its bulb vertical and parallel with its stem. The bulb is 1 in. long and 
of a conical shape with a flattened' top or surface of black glass pro- 
jecting a little beyond the sides. Below the flat surface this bulo is 
covered with black silk. The hygrometer is mounted and supported on 
a brass stand in such a manner that the black surface can be inclined 
towards the light. When used the thermometer is first to be read, 
ether is then poured on the silk cover of the bulb, and the condensation 
of moisture takes place upon the black surface of the bulb. Then hj 
again noting the temperature the dew point may be known. 

Exhibited by Messrs. Negretti and Zambra. 

43. Dines's Dew Point Hygrometer. A little water and ice, or cold water 

only, is put into the cup and allowed by a tap to flow gently through a 
small chamber, whence it rises through a perforated diaphragm into 
the space under a slab. In this space, which is covered water-tight by 
a thin smooth piece of silver, or of black glass, rests the bulb of a 
sensitive thermometer, the water flowing gently from the spout cools 
the cover and the contained thermometer ; when the temperature 
reaches the dew point, a decided film of dew will be visible, tne tem- 
perature being shown by the thermometer. The tap enables the rate of 
flow of the water to be regulated with accuracy, and the temperature 
of the water under the glass slab to be thereby kept at any required point 

Exhibited by L. P. Casella, F.R.Met.Soc« 

44. Dines'B Dew Point Hygrometer with latest improvements. This in- 

strument can be used with water, but has been mainly designed for use 
with ether. When ether is used, it is poured down the inclined pipe, 
and remains in the front part of the chamber. A piece of metal tube, 
ground so as to fit closely the inclined pipe, and with an aspirator 
attached, is then inserted, and the dew-point is ascertained in the same 
way as by Kegnault's hygrometer. {Quarterly Journal Boy, Met, Soc, 
Vol. VI. p. 39.) Exhibited by L. P. Casella, FiKMetSoc. 

45. Early pattern of Mason's Dry and Wet Bulb Hygrometer. 

Exhibited by G. J. Symons, P.R.S. 

46. Negretti and Zambra's Recording Hygrometer. This consists of a Dry 

and Wet bulb thermometer (constructed on the principle of Messrs. 
Negretti and Zambra's Deep Sea registering thermometer) attached to 
a carrier and actuated by a timepiece. This may be set for any hour, 
and at the proper time it will cause the thermometers to turn upside 
down, and thus record the temperature at that moment. This instru- 
ment has the improved water receptacle arrangement suggested by Mr. 
Bayard. Exhibited by F. C. Bayard, F.R.Met.Soc 

47. Richard's Self-Recording Dry and Wet Bulb Thermograph. This con- 

sists of a pair of thermometers similar to No. 2 which are placed side 
by side ; but they are curved reversely and are placed as far apart as 
possible. The wet bulb thermometer is covered with musliti, and is 
kept moist by a water vessel below into which the muslin dips, and also 
by a capillary siphon from a second water vessel above. 

Exhibited ly MM. KlCHARD Fr^rBS. 

48. Aspirated Psychrometeri a standard apparatus for the determination of 

the true temperature and humidity of the air. A special outfit of the 
instrument, adapted for the use of scientific travellers in the tropics, is 
also bhown. Exhibited hy Dr. R. ASSMANN. 

49. Lowe's Graphic Hygrometer. , , . , ^ „ 

Lxhihitcd hy TUE METEOROLOGICAL COUNCIL. 

50. Slide Rule for Hygrometric Calculations, by J. Welsh, F.R.S. 

Exhibited by The Kew Committeb, 
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51« Stewart's Slide Bole. Exhibiud by The Kew Committee. 

51*. Table to facilitate finding the Humidity of the Air, by H. C. Russell, 

F.R.S. Exhibited by The Kew Committee. 

52. Moiatore Heter, or Scale for calculating at sight the Relative Humidity 

from the readings of the dry and wet bulb thermometers. This consists 
of a metal disc ^adnated from 32*^ to 90°, with an outer moveable scale 
graduated from 25 to 100. To ascertain the relative humidity the outer 
scale is adjusted so that the 100 line with the arrow corresponds on the 
inner disc to the reading of the dry bulb. The index hand is then 
moved along the inner disc to the reading of the wet bulb, when it will 
at once indicate on the outer scale the Relative Humidity. 

Exhibited by W. MARRIOTT, F.R.Met.Soc. 



BAIN OAUOES. 



53. SnOWdon Rain OaugCi with deep funnel for collecting snow. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

54. LivingStone'B Rain Gauge. This is a 3.inch copper gauge with upright 

rim, copper receiver, and glass measure, as made for the late Dr. 
Livingstone. Exhibited by L. P. Casella, F.R.Met.Soc. 

55. Electric Self-Recording Rain Oauge. This gauge is constructed on the 

assumption that all drops falling from an orifice or tube are identical 
in weight as long as the dimensions of the orifice are not varied. {See 
Quarterly JourmU Roy. Mel, Soc, Vol. XVIII. p. 6.) 

Exhibited by W. J. E. BiNNiE, B.A. 

56. Wild'8 Rain Oauge as used in Russia. This consists of two cylindrical 

ainc vessels. The upper receiver is fitted with a brass rim to prevent 
possible loss by splashing. The water passes from the upper receiver 
through a kind of sieve into the lower vessel, and any air forced in 
with it escapes through the lateral turned up tube. The water in the 
lower vessel is lot into a graduated glass by the tap. 

Exhibited by The Meteorological Ck)UNCiL. 

57. Tomes's Self-Recording Rain Oauge. The funnel is connected by a 
tube with the receiving vessel, which contains a float ; this is connected 
by means of a cord to a glass pen working in guides. The pen marks 
on a sheet of paper attached to a drum, which revolves once in twenty- 
four hours. The area of the rain gauge can be so proportioned to the 
area of the receiving vessel that the diagram can be drawn to any scale 
that may be desired. Exhibited by J. E. Tomes. 



BAROKETBRS. 



58. The Langdon Elbow Barometer. This is a new form of mercurial baro- 
meter fitted with a movable cistern, which can be raised or lowered by 
a convenient mechanical arrangement from the front or top of the in- 
strument. By this means a short oblique tube, not more than about 
6 inches long, can be used, and great sensitiveness is obtained, the scale 
being sufficiently open to enable a reading to be easily noted to *001 inch 
without the use of a vernier. The perpendicular height of the mercurial 
column is shown in inches — 28,29,.^, as the case may be — by an indicator 
which is acted upon by the same mechanical arrangement as is used 
for adjusting the movable cistern. H3' a special arrangement the correc- 
tion for elevation can be made within certain limits, so that the barometer 
would indicate sea-level readings. 

Exhibited by J. H. Steward, F.R.Met.Soc, 
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FHikiiwd Ay A. L. Fbu, FJLMeLSoc. 
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ikt British Ues <^ » xrtrxzt of 24 Tears ending 1880, by A. 
Barbar. LL.D. ExkihUtd kg A. BccBAM, LL.D. 

^4. bobany sbovia^ tbe meam auHtblj aai aaaaal ateoafilierie pressDie 

cf tbe Brilisb Isles ^^ ^Q aTtra^ of 24 Tears ending 1880, by 
A. Bocbar. LUD. ExkilUeii l^ A. BrcHAN, LI^D. 

€o. Meaa Amaaal Baiafdl of tbe Britisb Isles f<^ tbe 24 yean 18G0 to 1884, 

bv A. Bc:cL^n. LLP. E^ki^u.l by A. BiciiAN, LL-D. 



MAPS AHD DIAGBAMS. 
tbenns. Isobars sad Pierailia^ Wiads of the Globe, bj A. Baehany 

LLkD- A >or;i< ff f»2 nia|i» from tbe Report of tbe Scientific Resolti 

Ejh*fHtett hy A. BucuAX, LL.D., P.R.S.E. 



C7. Atlas der Meteorologie, Dr. Jalia» Dann. TwelTe maps printed in colour 
1^7 ExkAiud by JUSTUS Perthes. 

6$. Atlas de la DistribatioB O^ograpbiqae des Kaladies^Ans leurs rapporu 

ivec le* Climat*, par Dr. H. C. Lombard. Twenty-five maps printed 
in colour*, 1>^. Elrkihiiftl by Dr. W. Marcet, F.R.S. 

6i>. The laflaeaoe of Weatber oa Mortality in London on different diseases 

St ilitferent ages, bv .\. Bucban, LL.D. and Sir A. Mitebell. 

Erkilntmi 6y A. BucHAN, LL.D. 

70. Diagram showing Death rate in London dnring the three recent Epi- 
demics of Inflnenia with the accompanying Weather. 

EskibiifH hy C. Hardino, F.R.Met.Soc. 

7L Map showing the Distribntion of Bine Snns and Snnset Phenomena 

round the world after the Krakatoa eruption. 1883. 

Exkilnkd by Hon. F. A. R. RrsSELL, F.R.Met,Soc. 
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72. Chart of OnrveB BhowiBg the diurnal period of nine meteorologic^d 

elements at the Blue Hill Meteorological Observatory, Readyille, 
Mass., U.S.A. Exhibited by A. L. RoTCH, F.R.Met.Soe. 

73w BaiiKfUl of the Olobe. Comparative chronological charts of proportional 
fall at various stations on the basis of the means and extremes for the 
following complete periods respectively, viz.: — 184G 85, 1851-85, 
1861-85, and 1866-85. Exhibited by W. B. Tuipp, F.R.Met.Soe. 

74. Sketches of large Bain drops and Snow flakes. 

Exhibited by K. J. LowE, F.R.S. 

75. Maps showing the Hean Seasonal Temperatures of the Counties of 

England and Wales. 4 maps. Exhibited by A. IIavii^xnd, M.R.C.S. 

76. Maps showing the Wheat Tield in English and Welsh Counties. 4 maps. 

Exhibited by A. Haviijind, M.R.C.S. 

77. Maps showing the mean percentage of Sunshine over the British Isles. 

Exhibited by A. Haviland, M.R.C.S. 

78. Map showing the Oeologioal Distribati(m of Deaths bj Lightning in 

England and Wales during the 15 years 1859 to 1873. Total deaths 
241. Exhibited by A. IIaviland, M.R.C.S. 



PHOTOOBAPflS. 



79. A series of 82 Photographs of Clouds taken under the direction of the 
Rev. Padre Denza by Sig. Mannucci at the Vatioan Observatory. 

Exhibited by The British Association Committee on the 
application of Photography to Meteorology. 

90. Photographs of Clouds taken at the Santis Observatory, Switzerland, in 
1891. Exhibited by Prof. A. Riggenuach-Bukckhaudt. 

81. Photographs of Clouds taken at Tunbridge Wells, August 3rd, 1891. 
Five views. Exhibited by Dr. F. G. Smart, F.R.Met.Soe. 

82. Photographs of Cumulus and Stratus Clouds. 

Exhibited by Capt. D. Wilson-Barker, F.R.Met.Soe. 

83. Lawrence Tornado, Mass., U.S. Twenty Photographs, showing damage 

caused by this destructive Tornado. Exhibited by II. P. Curtis. 

84. Photograph of Lightning taken at Roscbank, near Cape Town, July 

1888. Exhibited by E. H. Allis. 

85. Photograph of Lightning taken at St. Palais-sur-Mer (Charante In- 

ferieure), July 26lh, 1891. Exhibited by Pbre G. Bastoul. 

86. Photographs of Lightning taken at Newark, New Jersey, U.S., Septem- 

ber 25th, 1891. Eight views. Exhibited by W. ARCiiinALD. 

87. Photographs of Lightning taken at Uddevalla, Cattegat, Sweden, by 

Mons. O. Berggren, October 22nd, 1891. 

Exhibited by Prof. H. II. Hildebrandsson, Hon.Mcm.R.Met.Soc. 

88. Photograph of Lightning taken at Melbourne, October 29th, 1891. 

Exhibited by R. Law. 

89. Photographs of Lightning taken at Calcutta. Four views. 

Exhibited by H. Ha WARD. 

90. New York Blizzard. Three Photographs. Exhibited by II. P. Curtis. 
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91. Bliasard at Shirenewton Halli near Chepetow, March 1891. Three 

Photographs. Exhibited by E. J. LoWE, F.R.8. 

92. Snow Scene. The Bridle Path, Keddington, December 15th, 1890. 

Exhibited by G. CoBDEN, F.R.Met.Soc. 

93. Hoar Frosts. Seven PliotographB of trees covered with rime, taken (in feeble 

daylight) in a garden at Upton, near Windsor, December 14ih, 1890. 

Exhibited by R. Bbntlbt, F.R.Met,Soc. 

94. Frost and Rime at DriiKeld, December 22nd, 1891. 

Exhibited by J. Loyel, F.R.Met.Soc. 

95. Snow and Rime on Trees. Two views, taken in Switzerland, 1891. 

Exhibited by Prof. A. RiggenbachBueckhabdt. 

96. Aysgarth. Three views : — 1. Middle Force (from the South side). 

2. Bridge, November 1890. 3. Upper Force, January 1891. 

Exhibited by Rev. F. W. Stow, F.B.Met.Soc. 

97. Bngadine Scenery in Winter. Three coloured Photographs. 

Exhibited by Dr. C. Theodobe Williams, P.R.Met.Soc. 

98. Two Photographs of Mentone. l from the East ; 2 from the West. 

Exhibited by Dr. C. TuEODOEE Williams, F.R.MetSoc. 

99. Photograph of Fonchal, Madeira. 

ExhibiUd by Dr. C. TiiEoDORE WILLIAMS, P.R.Met.Soc. 

100. Photograph of U.S. Signal Station, summit of Pike's Peak, (Colorado, 

altitude 14,115 feet. Exhibited by E. B. Sturge. 

101. Two Photographs of the Anemometer for vertical carrents recently • 

installed at the Blue Hill Meteorological Observatory, together with 
specimen record from the anemometer. 

Exhibited by A. L. RoTCH, F.R.Met.Soc. 

102. Photographs of a new Aspirated Meteorograph for use in balloona, 

especially in captive balloons, with specimens of traces obtained from 
the apparatus when attached to the captive balloon *' Meteor,** of the 
** Deutscher Vcrein zur Forderung der Luftschiifahrt" 

Exhibited by Dr. R. ASSMAMIS - 

103. Photographs showing the arrangement of the meteorological instra — 

ments adopted for the ascents of the free balloon owned by the aboi? 



Association. Exhibited by Dr. R. AssMANi 

104. Photograph of Contoured Model of the British Isles, and snrroondin-.^ 

sea area. Contoured at intervals of 250 feet. 

Exhibited by J. B. JORDAKK^^ 

105. Photograph of Model of London and neighhonrhood, contoured s 

intervals of 25 feet. Exhibited by J. B. Jorda' .«^^ 

lOG. Photograph of the late Dr. R. J. Mann, President of the Royal MeteoiTV^ 
logical Society, 1873-1876. 

Exhibited bu Dr. C. TiiEODORE WILLIAMS, P.R.Met.S<^»-« 

G. J. SYMONS, F.R.S., \^^ , . 
JOHN W. TRIPE, M.D., ]^^^^^rief^' 

WILLIAM MARRIOTT, Amstant Se^retarir- ^ 



^ROCEEblMOS AT MEETIKOS. ^1 

PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

Mabch 16th, 1892. 
Ordinary Meeting. 

C. Theodore Williams, M.A.| M.D., President, in the Chair. 

William Price Biden, L.R.C.P., La Tour Jeanne^ Hy^res, Var, France ; 
Arthur Frank Bowker, F.B.G.S., Hailing Cottage, near Rochester ; 
John Lanodon Haydon Lanodon-Down, M.D., 81 Harley Street, W. ; and 
Sir BiCHARD QuAiN, Bart., M.D., LL.D., F.B.S., 67 Harley Street, W., 
were balloted for and duly elected Fellows of the Society. 

The following Letter was read : — 

" Whitehall, 18 February 1892. 
"Sir, 

" I have had the honour to lay before The Queen the loyal and dutiful 
Resolution which has been adopted at the Annual General Meeting of the Boyal 
Meteorological Society, on the occasion of the death of His Royal Highness 
The Duke of Clarence and Avondale, K.G. ; and I have to inform you that Her 
Majesty was pleased to receive the Besolution very graciously. 

" I have the honour to be, 
" Sir, 
" The Secretary of the " Your obedient servant, 

" Boyal Meteorological Society, " Henrt Matthews.** 

•« 22 Great George Street, S.W." 

The following Paper was read : — 

"The Value of Meteorological Instruments in the Selection of 
Sealth Resorts.*' By C. Theodore Willliams, M.A., M.D., President. 
Cp. 168.) 

On the motion of Mr. Inwards, seconded by Mr. Scott, the thanks of the 
18ociety were given to the Exhibitors for the loan of their Instruments, &c. 

The Meeting was then adjourned in order to afford the Fellows an opportunity 
of inspecting the Exhibition of Instruments relating to Climatology which had 
m arranged in the rooms of the Institution of Civil Engineers, (p. 191.) 



April 20th, 1892. 

Ordinary Meeting. 

C. Theodore Williams, M.A., M.D., President, in the Chair. 

Rafael Aquilar y Santillan, Sociedad Cientifica " Antonio Alzate,'* Mexico ; 
Sir Andrew Clark, Bart., M.D., LL.D., F.R.S., 16 Cavendish Square, W. ; 
Frederick William Cross, Assoc.M.Inst.C.E., 72 Corporation Street West, 

Walsall; 
Herbert Hancock, M.A., Bancroft's School, Woodford Green, N. ; 
William Buller Heberden, 14 Gloucester Place, Portman Square, W. ; 
Hermann D. Weber, M.D., F.R.C.P., 10 Grosvenor Street, W. ; and 
Ernest Jenkins Williams, Sea Cliffe, Strete, near Dartmouth, 
irere balloted for and duly elected Fellows of the Society. 

HBW 8EBIB8. — ^VOL. XYin. P 
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The President stated that he had, ^vith great regret, to announce the death 
Dr. Tripe, which occurred on April 7th. 

The following resolution, moved by Mr. Symons, seconded by Mr. Bbewii 
and supported by Mr. Marriott and Dr. Barnes, was unanimously adopted :- 



** Tlie Council and Fellows of the Royal Meteorological Society have 
heard with deep regret of the death of their esteemed Secretary, Dr. J. W. 
Tripe. He joined the Society in 1856, and since the year 1858, with the 
exception of one year, he has continuously held office, having served 3 
years as Member of Council, G years as Vice President, 2 years as Presi- 
dent, and 23 years as one of the Secretaries. 

**Dr. Tripe showed from the very first that he had the interests of the 
Society at heart. He took an active part in all schemes for rendering it 
more useful, and he was a most constant attendant at all its Meetings. 

**The Council and Fellows desire to express their sincere sympathy 
with Mrs. Tripe and the other members of the family in their bereave- 
ment.** 



The following Papers were read : — 

•* Anemometer Comparisons." By W. H. Dines, B.A., F.R.Met.Soc. (p. 165.) 

"The Hurricane over the West Indies, August 18TH-llh:H, 1891.** By 
Francis Watts, (p. 185.) 



CORRESPONDENCE AND NOTES. 

"The Mauritius Hurricane, April 29th, 1892.** By C. Meldrum, LLJ3., 
F.R.S. 

Dr. C. Meldrum, F.R.S., the Director of the Royal Alfred Observatory, Mauritius, 
has given the following account of the disastrous hurricane which swept over 
the island on April 29th, 1892:'— 

The hurricane which raged for a few hours on April 29th, has in many respects 
been improcedented in Mauritius. 

Never till now has the island been visited by a hurricane at any time between 
April 15th and December Ist. Hitherto the hurricane season of Mauritius has 
been supposed to begin on the latter, and to end on the former day ; and till now 
there has been no exception to the rule. 

Nor was there any sign of danger till yesterday (April 29th), when the baro- 
meter began to fall rapidly and the wind to increase to a heavy gale. The sud- 
denness, rapidity, and extent of the changes, which took place in the course 
of a few hours, arc unparalleled in the annals of the colony. 

Tlio following Table will convey an idea of what changes took place in the 
barometric pressure and in the durection and velocity of the wind from 9 a.ni. 
on the 24th to 9 p.m. on the 29th. 

In the annexed Table the fall or rise in the barometric pressure is corrected for 
the daily variation, and from 9 a.m. on the 24th to 9 a.m. on the 29th, the mean 
hourly velocities of the wind are given, whereas, from 10 a.m. to 5 p.m. on the 
29th, the rates of velocity per hour are given as obtained for intervals of two to 
five minutes. 

It will be seen that at 2 p.m. on the 29th the barometer was at 27*990 ina. ; 
that from noon to 2 p.m. it fell 1*045 in. ; that from 3 to 5 p.m. it rose 1*012 in.; 

1 The Dailf rmbluher and Let Petites AJIcket. Port Louis, Maoritiiu, May 13th, 1893. 
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and that from 5 to 9 p.m. it rose *660 in. The absolutely lowest reading was 
27*961 at 2.80 p.m., which is the lowest on record in Mauritius. 

From 9 a.m. on the 28th to 1 p.m. on the 29th the mean direction of the 
wind did not vary much, but occasionally it showed a tendency to veer towards 
North, being at times from North-east by North to North -north-east. Between 
1 and 2 p.m. on the 29th it, on the whole, veered to North, and between 2 and 8 
p.m. to West-north-west, oscillating considerably, and soon after settling down at 
West-south-west. 

After 11 a.m. the velocity of the wind increased much, being at 1 p.m. at the 
rate of 96*6 miles an hour, and at 1 .20 p.m. at tlie rate of 104 miles. Hut from 
1.80 to 2.80 p.m. there was a lull, the velocity decreasing to tlie rate of 48 miles 
an hour at 2.23 p.m. It tlien began to increase again, and at 8.47 p.m. was at 
the rate of 121*2 miles an hour ; but it soon began to abate, being at the rate of 
71 miles at 5.28 p.m., 60 miles at 6 p.m., 47 miles at 7 p.m., and 26 miles at 9 
p.m. By this time the weather was fine, the sky portisdly clear, and here and 
there stars shining brightly. 

Seeing that from 9 a.m. on the 24th to 9 a.m. on the 27th the barometer had 
fallen from 80*059 ins. to 29*908 ins., and that the wind, though light, had veered 
from South-east by East half East to East by South, a note wiuj sent to the news- 
papers on the latter day stating that tliere was *' lieavy weatlier to tlie Nortliward," 
and that it had existed since the 24th ; wliich, as usual in such circumstances, 
meant that there were indications of a cyclone away to the Northward, and tliat 
it was travelling from North-eastward to South-westward. 

But the wind having by 9 a.m. on the 28th reached North-east by Eivst, and 
the barometer at the same hour being higlier tlian on the 27th, tliere was no 
apprehension ; and in the afternoon of that day, the wind being still moderate 
from the North-east, and the barometer falling at the rate of only *008 in. an 
hoiu", it was announced that there was no fear. 

As already stated, it was only on the 29th that the conditions became un- 
favourable, and at 9.40 a.m. a telegram was deapatcliod announcing that the 
barometer was falling at an accelerated rate. 

Another telegram despatched at 1 1 a.m. announced that the wind was at the 
rate of 52 miles an hour in the sijualls, and that probably its velocity would not 
exceed 56 miles an hour. 

Soon afterwards the telegraph wires were broken, and all communication 
ceased. 
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The barometer oontiDiiing to fall at on accelerating rate, and the mean direetion 
of the wind beinn nearly constant, it was inFGrrod, contrary to long siperience 
(the wind being from North-east), that the centre of the depreEsion would 
probably pasB over the island, and that the wind wonld then come from nearlj 
the opposite direction. Tlio centre, however, did not pass over the Observatory, 
but over a point about 8 miles to the westward of it, and apparently it travelled 
from that point across the island on an East-south-eaaterly oourae. 

As a rulfl, when the wind is from North-eaat there is no danger of a hurricane 
in Mauritius. All our great hurricanes have commenced, not with a North- 
east, but with a South-east wind; and this is why, when the wind wob from 
North-east by East at 11 a.m., and the barometer at 29'8SB ins., it wem con- 
sidered probable that the velocity of the wind would not exceed &6 miloB an 
hour. On February 12th lost, the barometer fell to 2Q'32S ins., and the 
greatest velocity of the wind for one hour was 47-S miles from North-east, the 
barometer soon afterwards rising, and the wind decreasing. 

There ore apparently only two ways of, in a measure, accounting for the 
paaaaga of the centre of a hurricane over the island yesterday from Wost-north- 
west to East- sonth- east. Firstly, the cyclone which hod been travelling to the 
Northward and North-westward of the island on a South -westerly course from 
the 24th to the 2Tth, recurved to the South and Sonth-east and then bora down 
on Mauritius; or secondly, a secondary small cyclone which was generated in 
the South-east quadrant of the larger cyclone, travelled to East-south-eastward. 
The latter is perhaps the more probable hypothesis ; for yesterday's amall but 
violent hmnicane exhibited, with respect to its extent, duration, &c., the 
characteristics of a local atmospheric disturbance. 

On the night of the 27th and morning of the 28th there was a great deal of 
thunder and lightning, and also frequent lightning during the night of the 28th, 
but the hurricanes of Mauritius ore seldom, if ever, immediately preceded by 
thunder and lightning. 

It may be stated aUo that from April 26th to 29th there were from five to six 
groups of Hunspots, indicating a considerable increase of solar activity, and that 
from the 2Sth to the 28th there were large magnetic diaturbanoes, the portion of 
the snn'e disc on which there was a very large grnup of spots on February 12tb 
being again on or near the sun's central meridian. 

Dr. Meldnun also gives the following note on " Hurricanes and Qales in 

Fifteen years ago I prepared a list of all the hurricanes and gales which, as far 
Bs could be ascertsinod, had been experienced in Mauritius from 1695 to 1877. — 

From that list, which is given in Kythe'i Almmiac for 1BT8, it will be seen 
that the dates of all the known hurricanes and gales experienced in April, witlk 
the lowest barometric pressures, and the direction and maximum force of wind, 
are as follows : — 



Years 


AprU. 


4 


Wind. 


Bemorks. 




Pres. in 






3| 




lbs. on 










Sq.Fool. 








Ins. 








»7S* 


loth 








Strong Oale. 


'77 J 


9th 




? 






1S14 


14th 


'914? 


NNE 




Strong Oale. i 


.ll»4 


nth 


19'ijK 


SE bv E to NJ;: 






18,0 


4th 


19-485 


7 




Strong Oale. 


181, 


lOlh 


i<)-!47 


%)Uth 






iBU 


3clh 


i9-S» 


SK to E ft N 






■a+o 


loth 


18-965 


SEtoB&NW 




Hwicaoe. 


iSS5 


]0lll 


I9'9ii 


ESKloNE 




No damsge- 


iS;6 


3rd to 6th 


1963. 


8K to S 4 SW 


14 




i«66 


ilthte<9th 


19 -Hi; 


SEloE 


13 




1867 


9lh lo uth 


29-761 


SE toS 


'3 




1870 


4th to Jth 


z.,-80. 


RK toNE 


16 


" " ' 



OORBESPONDBNOB AND NOTES. 



205 



In all there were, from 1695 to 1877, three hurricanes and ten gales in April. 

The hurricanes occurred respectively on April 9fch, 1773; April 1 1th, 1824 ; 
and April lObh, 1840. 

The lowest barometric pressure in 1773 is not known, but in the other two 
hurricanes it was respectively 29*138 ins. and 28*965 ins. 

From 1853 to 1867 the pressure of the wind was rejjisterod by an anemomoter, 
and during that period the greatest pressure in April was 24 lbs. per square foot, 
on April 4th, 1856. 

Since 1870 there has been no gale in April, the greatest velocity of the wind 
having been only 31 miles an hour on April 4th, 1877. 

There have been gales in Mauritius even in May and tFime, but no hurricane. 
On May 7th, 18G8, the barometer fell to 29*710 ins., with the wind from South-east 
to East, and the maxunum pressure was 16 lbs. to the square foot. On June 
21 st, 1860, there was a pressure of 18 lbs., with the wind from South. But, so 
&r as is known, there has never been a hurricane in Mauritius between April 
12th and December Ist till April 29th, 1892. 

As to the other months of the year, the lowest readings of the barometer and 
the directions and force of the wind in the severest of our hurricanes were as 
follows : — 
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In all these and other hurricanes the wind began to increase from the South- 
eastward ; whereas in the hurricane of April 29th, 1892, it began to increase 
from the North-eastward. The lowest known barometric pressure in Port 
•Louis was 28*000 ins., on March 1st, 1818. But on April 29th, 1892, the 
barometer fell to 27*961 ins. at sea level ; and the maximum pressure of the wind 
for 5 minutes was 73 lbs., correspondmg to a velocity of 121 miles for an hour. 

There are only two instances on record of a cyclone having approached the 
Island from the North-westward. One of these cyclones occurred in January 
1863, and the other in January 1868. In the former, the barometer fell to 
29*231 ins., and in the latter to 29*512 ins., and very little damage was done. 

In my last communication I gave the rates of the velocity of the wind 
per hour, as observed for intervals oftwo to live minutes. Since that time the 
hourly velocities, as registered by the anemometer, have been ascertained. 
From 10.30 a.in. to 11.30 a.m. (on April 29th) the mean velocity was 50*6 miles. 
It then increased to 89 miles from 0.30 to 1.30 p.m. ; decreased to 65 miles from 
1.30 to 2.30 p.m. ; increased to 103*3 miles from 3.30 to 4.30 p.m.; and then 
decreased to 50 miles from 6.30 to 7.30 p.m. 

A velocity of 103 miles for an hour represents a pressure of 53 lbs. on a square 
foot (by James' Table). 

It has been reported that on the day of the hurricane balls of fire (or 
electricity) were seen in different parts of the island. 



Remarkable Wind and Bain Phenomenon in the Argentine Republic. 
By W. Rower (in a letter dated ** The Santa Fe Land Company, Limited, 
Colonia liomang, Santa Fe, March 28th, 1892"). 

I LEFT the estancia to run up the Northern boundary with five men, horses, 
packs, &c., and on the second day out (we were travelling nearly due north) 
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we crossed a swamp which happened at that time to be dry and full of long grass. 
As a North wind was blowing we waited till we reached the other side and then 
set the grass on fire, so as to have a clear road for our return journey, and 
perhaps get a buck or other beast as they fled from the fire. This was at about 
9 o'clock in the morning. The fire spread rapidly, and produced an immense 
cloud of smoke which we saw behind us all the afternoon. At night we camped 
about 36 miles from the estancia, and about 18 miles from the fire. About an 
hour before sunset I was astonished to see that the smoke, which hung almost 
motionless, the wind having dropped, was capped by a brilliant white cloud, 
and soon after this began to give off other clouds, the separation being very 
clearly seen, until the southern sky was quite overcast and very dark near the 
horizon, presenting all the features of the preparation of one of our usual rain 
storms. That night wo got a thorough soaking, which is nothing unusual, but 
the curious part was that on our return journey we found that the rain had 
commenced just where the fire was, and further south there had been neither 
jain nor wind. Perhaps some of the rain-making experimentalists would be 
interested in this. As far as the rain is concerned, it seems to be reasonably 
explained on the supposition that the moisture was deposited on the smoke 
particles ; — but why wind ? That there was wind I very distinctly remember as 
it rooted up the stakes on my side of the tent, and I spent the rest of the night 
squatting on my saddle with one poncho round me, which I managed to keep dry, 
all my saddle rugs having been swamped before wo could stake out the tent again. 
I had a cold at the time, but it was most effectually cured. 



The Indian Monsoon Current. 

Mr. H. N. Dickson, in an interesting paper on ** The Meteorology of India and 
the surrounding Sea-areas,"* gives the following account of the Monsoon 
current : — 

Kecent investigations leave little doubt that the Monsoon current is an 
extension of the South-east Trades of the southern hemisphere which are drawn 
towards the low pressure system over the land, breaking through, as it were, the 
equatorial belt of calms. The sudden bursting of the rains has not as yet been 
fully explained. It appears reasonable tliat the extension of tjie Trades over the 
equatorial belt should take place suddenly, but the regularity of the time and 
manner of its occurrence make it difficult to accoimt for it by the heating of the 
surface of tlio peninsula alone. Tlie rise of temperature over that area takes 
place most rapidly some time before the burst of the Monsoon, and no circula- 
tion of great intensity is set up, the indraught from the sea giving rise only to 
local intermittent currents of tlie nature of sea breezes, wliich are powerless to 
penetrate inltuid or to feed an ascending current even where condensation com- 
mences. The moderate elevation of the peninsula, and its limited area, would 
seem to render even tlie intense insolation inadequate to produce an ascending 
current of the required volume. 

The cause may be, perhaps, most hopefully looked for over the continental 
surface of Central Asia. From the nature of that surface, its position, and 
greater elevation, the annual rise of temperature not only occurs later than in 
India, but the establishment of cyclonic conditions, i.e. of an ascending ciurent, 
takes longer, on account of tlie intensity of the high -pressure conditions produced 
by the great cold of winter ; thus, even in May, the prevailing winds over a large 
part of it stUl indicate anticyclonic circulation. When the ascending current, 
however, finally replaces tliat circulation, the same circumstances which delayed 
its commencement will give it a volume and extent enormously greater than any 
similar current over tlie peninsula. 

Now, the Himalayas form a complete barrier to all surface winds, hence we 
have two ascending currents, one, tlie smaller, fully developed over the peninsula, 
and another, much the greater, in process of formation, and gradually extending 
into the upper atmosphere. These are at first practicaUy independent 
of each other, until the second attains an elevation of 10,000 feet or more and 

1 The ScuttUh Geographical Magazine, ^aj 1892, Vol. IX., p. 24B, 
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the barrier is surmounted. It is possible that on reaching that point the larger 
vortex absorbs the smaller, just as two cyclones unite at ordinary levels, and we can 
conceive that the junction will cause a sudden demand on the lower portion of 
the latter, which is in this case supplied by the South-west Monsoon. Some such 
process is at least suggested by the fact that prolonged and excessive snow-fall 
on the Himalayas and in Tibet and Kashmir, which means a severe and pro- 
tracted winter, and therefore a late ascending current over Central Asia, is 
followed by a weak and late Monsoon, and that such a Monsoon is often replaced 
in Northern India by descending currents from the Baluchistan highlands, 
again probably a result of a weak ascending current over, or at least weak 
indraught towards. Central Asia. The data for discussing these questions must 
be derived from observing stations in Tibet and Mongolia, and from observations 
of cirrus clouds in the neighbourhood of the Himalayas, and are as yet very 
meagre. 

The Monsoon ciirrent may bo imagined as advancing with a wedge-shaped 
front, increasing in height towards the rear, although never attaining a great 
elevation. The condensation set up on its meeting an obstacle must therefore 
depend largely on the angle at which that obstacle lies to the advancing front. 
Thus on the Malabar and Konkan coasts, and again to the north of the Bay of 
Bengal, where it encounters ranges of mountains almost at right angles, the 
current is forced to ascend a slope which covers but a small area on account of 
its steepness, and excessive rainfall is recorded. With this there is also libera- 
tion of vast quantities of heat, and the current in the former case easily sur- 
mounts the Western Gh&ts, and is strong and steady over the Deccan. On the 
face of the Ghats the average precipitation may amoimt to 250 inches, while on 
the Khasia mountains as much as 264 inches has been recorded during August 
alone, the annual mean at Cherra Punji being 474 inches. 

The South-west Monsoon continues throughout July, which is in general the 
month of heaviest rain, and August ; it begins its retreat early in September, and 
before the close of that month has ceased over the Deccan, tho Central 
Provinces, and the western coast, where the increasing pressure causes an 
extension of light North-easterly winds. The rains continue in Assam and 
Bengal uniil October, and as the current retreats into the Bay it is deflected to 
the westward, and from a course almost parallel to the eastern coast turned to 
one at ri^ht angles. Hence, as the centre of low pressure moves southward, 
the heaviest rainfalls of the year are experienced in the Sarkars and the Kamatik 
daring October and November. 
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AMEtucAN METEonoLOGtOAL JouRNAL. A Monthly Review of Meteorology. 
Vol. IX. No8. 1 and 2. May and June 1892. 8vo. 

Prof. Harrington and Mr. Botch have given up their positions as editors, but 
they will both continue their interest in tlie Journal as contributors. The new 
editor is Mr. R. de C. Ward. 

The principal contents of these numbers are : — Meteorology in the Schools : 
by Prof. W. M. Davis (20 pp.). — Thunderstorms in New England during the 
year 1886 : by R. de C. Ward (8 pp.). Tliis investigation confirms the main 
resiilts of the study of the previous year, viz. the general features, the excess 
in the late afternoon hours, the fact that most of the New England storms come 
ready made from the west of the district, and that they are not distributed 
evenly through the summer, but appear in considerable numbers for a few days 
and then disappear for a time. In regard to the dependence of the thunder- 
storms on the larger atmospheric disturbances of cyclonic storms, the results of 
1886 in New England tend to show tliat this dependence, although marked, is 
not so striking or so definite as many of the foreign results have shown it to be 
in Europe. Over 60 per cent of the thunderstorms of this year occurred in the 



^08 RECENT PUBUCATIONd. 

Bouthem or south-western quadrant of cyclonic areas. Some of ihe beci 
developed storms occurred under distinctly anticyclonic conditions. — ^The storm 
of Marcli 1-4, 1892: by J. Warren Smith (6 pp.). — Flood- stage river predictions: 
by Trof. T. liussell (12 pp.). — The first scientific balloon voyage: by R. de C. 
Ward (5 pp.). — Snowstorms at Chicago : by A. B. Crane (4 pp.). The auUior 
has examined the weather records from 1879-1891, and has found that there have 
been 26 storms, each with a fall of 4 inches or more of snow. — The eye of the 
stonn : by S. M. Ballou (18 pp.). — Shall wo erect lightning rods ? : by A. 
McAdie (8 pp.). 

An NU AIRE DE LA SoCI^T^: M^T^OROLOOIQUE DE FrANCE. 89m6 AllD^ 

1891. December. Largo Svo. 

Contains : Sur Tanomalie magnrtique du Bassin de Paris : par T. M ooreanx 
(8 pp.). — Les Nuages et la Pluie : par M. Hauvel (6 pp.). — Rapport sur la 
classification dcs nuagcs: par H. H. Hildebrandsson (10 p.). — Note sur 
rimportanco pour la met^orologie des mesures du mouvement et de la hauteur 
des nuages : par II. H. Hildebrandsson (8 pp.). 

Diurnal Fluctuations of Atmospheric Pressure at Twenty-nine 
Selected Stations in the United States. Bt Brigadier General 
A. W. Greely, Chief Signal Officer, U.S. Army. 4to. 1891. 25 pp. 

This consists of tables of corrections to reduce the mean pressure at any hour 
of the day to the true daily mean. Tliese values have been obtained from free- 
hand curves representing the daily march of pressure at twenty-nine selected 
stations in the United States, drawn from all the available 'observations from 
January 1877 to Juno 18H8, covering a period of eleven years and six months, 
except for Assinniboine, where the period is about eight years only. The daily 
Huctuatious of pressure sliow, as a rule, primary maximum and minimum and 
secondary maxiunuu and minimum phases. The secondary fluctuations 
diminish from south to north, especially diuing the summer months, at which 
time these secondary phases entirely disappear at certain places. The daily 
variations appear, as a rule, to be governed largely by geographical location, ana 
decrease with increasing latitude. This is especially true for the winter months, 
when the daily range varies from '117 in. at San Antonio to *068 in. at Dodge 
Cit^, '059 in. at North Platte, and '038 in. at Bismarck. In summer the same con- 
ditions exist, except that the daily range also increases inland from the coast. 
The tendency to increased inland range is shown in the Lake region also, 
diminishing as the Lakes are approached. The annual range in diurnal 
fluctuation of pressure shows a slight tendency to increased range from north to 
south, but the most prominent characteristics are the changes from the coast 
inland, varying from an average of about '015 in. east of the meridian to •028 in. 
at Denver, '088 in. at Salt Lake City, '049 in. at Winnemucca, attaining a 
maximum of 069 in. at Bois6 City, and decreasing again to the Pacific 
coast, where, at San Francisco, the range is about '018 in. The changes 
in daily fluctuations from month to month vary according to geographic 
location, and may be divided into two principal types, the inland and 
the coast types. These types are better defined as the location approaches more 
nearly a purely continental or marine condition. The principal muTim Titf^ 
occurs over the whole of the United States in January about 9.45 a.m., except 
along the New England coast at Boston and Eastport, where it occurs at earlier 
hours, 8.45 a.m. at the latter and 9.15 a.m. at the former station. As the year 
advances the hour gradually shifts towards the earlier morn. This change con- 
tinues until Jime, when the hour is the earliest of the year, after which a reversal 
gradually occurs. The delay in the liour of the principal minimum is, however, 
nnich more decided. This phase in January occiu*s along the Atlantic coast and 
in the region of the Great Lakes at about 2.30 p.m. Becoming later with the 
growing year it falls at about 5 p.m. in June for the Atlantic coast region, 
while in the Lake region it is delayed until 5.45 or G p.m. In the Pacific 
coast region the change is gradually from the earliest hoiu' in January to the 
latest in June, tlie winter minimum being at about 4 p.m., and the summer at 
about G p.m. It ajipears from this tliat in the United States the principal 
miriinmm gradually becomes later with increasing longitude, and that the most 
decided lagging of the summer minimum is in the neighbourhood of the Great 
Lakes. 



BBGBMT PUBLICATIONS. 209 

Journal op the Botal United Sekvicb Institution. Vol. XXXVI. 1892. 
8vo. 

This contains a paper on "Atlantic Weather and its connection with British 
Weather/* by Mr. B. H. Scott, F.B.S. (14 pp. and plate). After describing the broad 
principles wnich govern the weather system of the Atlantic, the author describes 
some of the results brought out by a discussion of the daily synchronous charts of 
the North Atlantic for the 13 months ending August 1§83, which have been 
published by the Meteorological Office. It appears that there were 273 depres- 
sions during the 18 months whose tracks were clearly traceable. By omitting 
those which appeared in August 1882, the number is reduced to 264, which 
lasted as follows: — 

Duration in Days i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
No. of Depressions 36 33 40 31 27 23 22 14 7 13 6 3 3 2 .. z i i .. x 

Of these, 140 lasted less than five days. Those of longest duration were con- 
fined entirely to the autumn months. During the 13 months there were 37 
severe gales felt on the coasts of the British Isles, which were classified as 
follows : — 

Appearing westward of Long 40^ 17 

„ in Mid Atlantic 8 

Formed close to the British Isles 9 

Appearing to the eastward. • 3 

Of the 17 cases given above, as starting near the American coast, only 12 
•came within the area of observation on the other side of the Atlantic. For the 
12 stozms, the times taken to cross the Atlantic were : — 

4 storms took 2 days 
3 tt f) 3 »f 
' »» »» 4 »• 
' f» »» 5 ♦» 
^ »i »i " f» 

I M If 10 M 

The author is of opinion that storm warnings from America are not of much 
service to this counti^. 

MiMOIBSS DB LA SoOI^TlSi DE PHTSIQUB BT D*HlST0IBB NaTUBELLE DB 

GBNis'vE. Yolame snppl^mentaire 1890 No. 9. 4to. 1891. (82 pp. 
and plate). 

This contains : Observations m^t^orologiques fsAtes au Col du G^ant du 5 au 
18 Juillet 1788 : par H. B. de Saussure. This gives in extenso the original 
observations made by Monsi H. B. de Saussure in his ascent of the Col du 
G^ant in July 1788. The results of these observations have only hitherto been 
published, but as they are of great historic and scientific interest, the grandson, 
Sfons. H. de Saussure, has careftdly transcribed the original observations, and 
communicated them to the Soci^t^ de Physique et d'Histoire naturelle de 
^Oen(6ve. 

McATTHLT Wbathbb Rbview. JaDuary to March 1892. Prepared under the 
Direction of Mabk W. Habbinoton, Chief of Weather Bureau. 4to. 

The January No. contains a copy of a section of the thermograph record 
^eet at Fort Assinniboine, Mont., for January 18th and 19th, which shows a 
Tomarkable temperature change caused by the Chinook wind which commenced 
at that station early on the morning of the 19th, a rise of about 48"^ being 
ore^tered in fifteen minutes. 

The March No. contains tables showing for the several seasons and for the 
Tear the average hourly amount, fi*equency, and intensity of precipitation at 
Washington for 16 years, and at New York for 22 years. The annual results 
are as follows : — 
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Total 43*649 

Proceedings of tiik Royal Society. Vol. LI., No. 808. 1892. 8vo. 

Contains an alxtract of the l^akorian Lecture "On the grand currents of 
atmospheric circuh.tion " : bv Prof. James Thomson, F.R.S. (5 pp. and plate). 
After frivinir :i hi-toricil sketch of the pro^'ess of obser\'ational and theoretical 
researches :n:o the nature and causes of tlie Trade Winds and other great and 
persistent c; .iciit- of atmospheric circulation, the author propoimds a new 
theory, whicli is a-:, follows : — 

'* That at Liv L.fiiatoi', or near to it, there is a belt of air ascending because of 
its higli teuij^ i: nirr aiul consecjuent rarefaction ; that its supply of air is main- 
tained by i.t*! .X horn both sides towards the zonal region at its base, which 
is a region or' .liniinished pressure ; that from its upper part currents float away 
to both silk-, northward and southward ; and that these currents continue in the 
upper reirion- of the atmosphere, each of them advancing towards, and in part 
to, the hi>;ii latitudes of its own hemisphere, until by cooling, its substance 
becomes lf>s l.r.u.vjiut and sinks down gradually in various latitudes of that 
llemi^plu•re. and forms itself into a return current towards the equator in the 
lower pan oi liie atmosphere. That the airoftliis great cap of atmosphere, 
coveriiiLT ti:e i.iiiMle and higher latitudes and including portions of the currents 
iusst deserineii. liavin«_r come from the ecpiatorial regions, which were mo\ing 
ibsolutelv fi\^in w«.?i to east in the earth's diurnal rotation with a velocitv of 
iboui 1,000 miles per hour, must on coming into those new regions much nearer to 
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the earth's axis have greater velocity from west to east than the earth below i 
in those new regions has. That in the central or polar part of this great 
revolving cap of air the barometric pressure must be abated in consequence of the 
centrifugal tendency due to the extra speed of this great whirling cap of 
atmosphere. That the bottom layers of this great cap of atmosphere, being by 
friction on the earth's surface retarded as to this extra velocity of rotation 
eastward, must have a diminished centrifugal tendency as compared with the 
quicker revolving air above them, and consequently tend to flow, and actually 
do flow, inwards towards the region of abated barometric pressure at the centre 
of the revolving cap of air. That thus over the middle, or middle and higher 
latitudes, there are tliree currents : — 

(1.) A top main current towards the pole. 

(2.) A bottom subordinate current towards the pole. 

(3.) A middle main current in direction from the polo, and constituting the 
joint return current, for both the preceding currents ; and that all these three 
have a prevailing motion from west to east, in advance of the earth. That the 
great return current, flowing in direction from the pole towards the equator, 
arrives at a certain part of its course at wliich it ceases to revolve eastward 
in advance of the earth ; and for the rest of its course to the foot of the 
equatorial rising belt, it blows along the surface of the earth as the Trade wind 
of the hemisphere in which it is situated." 

IRainfall in the East Indian Archipelago. Twelfth year, 1890. By 
Dr. J. P. VAN DER Stok. 8vo. 1891. 418 pp. 

This organisation embraces 192 stations ; 104 being in Java and Madura, 
^nd 88 in Sumatra and the dififerent islands of the Eastern ^Vrchipelago. The 
daily rainfall is given in rxtemio for each station. The results show that the 

^xrainfall during the months of May to September was abnormally high in the 

eastern parts of the ^Vrchipelago. 

I^ESULTS OF THE METEOROLOGICAL OBSERVATIONS MADE AT THE GOVERNMENT 

Observatory, Madras, during the years 1861-1890, under the direction 
ofthe late N. K. Pogson, CLE., F.R.A.S. Edited by C. Michie 
Smith, B.Sc, F.R.A.S., and published by order ofthe Government of 
Madras. 4to. 1892. 394 pp. 

This contains the results of the daily meteorological observations made at the 
^^ladras Observatory for the thirty years 1861-90, during' the whole time, with the 
Exception of the first few weeks, the late Mr. Pogson was Government 
-A.8tronomer, and had charge of the Observatory. The hours of observation from 
X ^61 to 1889 were 10 a.m., 4 p.m., and 10 p.m., but in 1890 they were changed 
8 a.m., 2 p.m., and 8 p.m. The following are the mean monthly results 
»r some ofthe principal elements : — 
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The absolute highest temperature registered during the thirty years was 
112^*9 on May Slst, 1881 ; and the ahsohite lowest temperature was 57^'6 on 
January 27th, 1876. The greatest rainfiall in 24 hours was 18*01 ins. on May 
18th, 1877. The days with lowest relative humidity were May t^th, 1806, and 
May 10th, 1870, the mean daily value on each occasion being 17 per cent. 

Stmons's Monthly Metbobolooigal Magazine. April-June 1892. YcL 
XXVn. 816-817. Bvo. 

The principal articles are : — Dr. Angot*8 " Instructions " (8 pp.). — Who 
Firminus was (2 pp.). — Town Fogs : by Rev. J. Blatter and T. W. Back- 



house (2 pp.). — Anemometer Comparisons (3 pp.). — Exceptional weather in 
March and April (4 pp.). — The Mauritius Hurricane, April 29th, 1892 (7 pp.).' — 
Thunderstorms of May Slst and June Ist (4 pp.). 

U.S. Dkpartmbnt of Aorioultube. Exfbbdcent Station Bulletin. No, 
10. Washington, 1892. 8vo. 

Meteorological Work for Agricultural Stations : by M. W. Harrington (28 pp.). 
The author gives numerous suggestions for work of research proper for agri- 
eulttiral colleges and experiment stations, and which should be of service in the 
planning and execution of much needed investigations regarding the relations 
of climate to agriculture. 

1 £m p. 203 of the pTMent number. 
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From the "Pilot Chart of the North Atlantic Ocean, Sept.- 1891. 
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ENGLISH CLIMATOLOGY 1881-1890. 

By FRANCIS CAMPBELL BAYARD, F.R.Met.Soc. 

(Plate IX.) 



[Received May 27th.~BeBd Jnne 15th, 1892.] 

With a view to obtain a series of reliable observations the Royal Meteo- 
rological Society, in 1875, organised a series of Second Order Stations at 
which observations are made at fized^ hours, 9 a.m. and 9 p.m. The 
number of these stations being limited owing to the difficulty of finding suit- 
able observers willing to take observations twice a day, the Society in 1880 
organised a series of Climatological Stations at which observations are made 
at 9 a.m. only. The observations of these two sets of stations have been 
included in the Climatological portion in the Meteorolotjical liecord^ and Mr. 
Ellis has shown that ** monthly mean temperatures (mean of maximum and 
minimum) on the Climatological plan may be considered to be practically 
similar to means on the Second Order system."' As the time of the staff is 
fully occupied, I have, with the concurrence of the Council, undertaken to 

> Quarterly Journal, Vol. XVI. p. 219, 
flEW 8EBIES. — VOL. XVIU, B 
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discuss the observations, and now submit the results for the ten years 18dl- 

1890. 

The Society's stations as given in the December part of the Meteorological 
Record for 1890 numbered 78, and on carefully going through these it was 
found that there wore 52 of which the observations were sufficiently com- 
plete for the ton years to justify their reduction, A list of these stations, 
with their heights and the observers' names, is contained in Table I., the 
names of the Second Order Stations being printed in italics. The position 
of the stations is also shown on the map (Plate IX.). 

At all stations Stevenson screens, or modifications thereof, 4 ft. above the 
ground, have been employed for the exposure of thermometers, excepting at 
Brampford Speke and Ilfracombe. At Brampford Speke the thermometers 
are mounted ** in a wall screen fixed to a garden wall with a north aspect; 
the wall is about 10 ft. high and is whitewashed."^ At Ilfracombe ** the 
instruments arc exposed in a large screen, like a summer house, the rain 
gauge being on tlio top and having a pipe with a tap below. The stand is 
about 6 ft. square, has large louvres halfway down, and then lattice work ; it is 
painted green, and has a slated pyramidal roof. It is placed over the shingle 
promenade of the Ilfracombe Hotel, and is 8 ft. or 10 ft. from the embank- 
ment, which rises about 16 ft."^ 

The rain gauges, as a rule, are 1 ft. above the ground except at Ilfracombe. 
No change in the exposure of the instruments has been made at any of the 
stations except at Scarborough, Kenilworth, Norwood, Beddington, Marl- 
borough, Ramsgate, Worthing, Portsmouth, Blackpool, Llandudno, Sidmouth, 
Teignmouth, and Falmouth, the particulars of which are given in Table I. 
In these excepted stations, the distances and difference in elevation being 
small, the observations have been treated as continuous throughout. 

There arc two stations where the records arc incomplete, viz. Margate, with 
rain observations only for 1881, and Weymouth, which has no records at all 
for that year ; but the observations for tlie remaining nine years were so 
good and complete that it was decided to interpolate in each case for that 
year. All the required interpolations were done in the Society's office by 
Mr. Marriott. With reference to Falmouth tlie observations for January to 
September 1881 were taken from the Report of tlie Royal ConmalL Poly- 
technic Society : and with reference to Londonderry' for the years 1881-8, and 
to Dublin for the year 1881, the figures were taken from tlie Observations of 
the Scco7id Order Stations published by the Meteorological Office, the 
Society's observations being merely a continuation of those previously taken 
and published of these respective stations. To Dr. Newsholme, tlie Society's 
observer at Brighton, I am indebted for the Brighton observations for 1881-8. 
And lastly, I must not forget my obligations to Mr. Marriott, whose 
valuable hints and knowledge of the stations and observers have greatly 
lightened my labours, and have tended to elucidate several points which at 
first sight seemed almost hopelessly o])SCure. 

^ Quarterly Journal^ Vol. IX. p. 1)3. 
« Quarterly Journal, Vol. VII. p. 109. 
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For the purpose of diBonflsion I propose to divide this paper into four 
flections, viz. (1) Temperature; (2) Relative Humidity; (8) Amount of 
Cloud ; (4) Rainfall. No correction has been applied for the effect of 
elevation above mean sea level, it being thought desirable to give the actual 
means at the different stations. Should anyone wish to reduce the tempera- 
tures to their equivalent sea-level values, this can readily be done by applying 
to the values given in this paper the approximate correction of +1^0 for 
every 800 ft. of elevation above sea level. 

Tempebatube. 

Before going into details I would draw attention to two great facts which 
seem to underlie the whole of this portion, viz. (a) the great influence of the 
sea, and its tendency to increase the temperature of the sea coast stations in 
winter and diminish it in summer ; and (b) the fact that the temperature rises 
much more rapidly than it falls, that is to say, that the average rise in 
temperature between April and July is from 12° to 17°, whilst the average 
fall between July and October is only from 8° to 18°. After October the 
temperature diminishes very rapidly, owing no doubt in part to the October 
and November rains. 

With reference to the mean temperature at 9 a.m., Table U., I would 
remark that it gives a very close approximation to the mean temperature (the 
mean of the maximum and minimum), Table Y., except during the months of 
May, June, July and August, when the 9 a.m. figure is generally higher than 
the mean. The difference, however, in no case exceeds 8°, and the general 
result is that the yearly mean temperature at 9 a.m. in no case varies from 
the yearly mean temperature more than 1°. 

With respect to the mean temperature. Table Y., we have in January the 
lowest (85°* 1) at Buxton and the next lowest (86°'4) at Cheadle ; then follow 
with a temperature between 86°'6 and 87^*5 two groups of inland stations, 
viz. Macclesfield, those in the Midland and Eastern Counties, with the 
exception of those in the Counties of Hereford and Gloucester, and also 
Lowestoft, and a small group on the Chalk Downs south of the Thames ; 
then come, with a temperature between 87°'6 and 88°'5, the stations in the 
Northern Counties, the Hereford and Gloucestershire ones, Lowestoft, the 
stations in the vicinity of London, with Harestock, and Southampton ; and 
I think that it will be somewhat surprising to learn that Blackpool, Scar- 
borough, Lowestoft, and Southampton, have in January practically the same 
mean temperature as London. The next in the higher scale, that is between 
88°'6 and 89°'5, are Margate, Ramsgate, Worthing, Portsmouth, Cullompton, 
and Brampford Speke; then come with a temperature between 89°* 6 and 
40°*5 the stations of Londonderry, Carmarthen, Weston-super-Mare, South- 
bbnme, and Brighton ; then with a temperature of from 40°*6 to 41°'5 
Bnde, Ashburton, Sidmouth, Wo3rmouth, the Welsh station of Llandudno, 
which has the same mean temperature as Weymouth : then with a tempera- 
tqro between 41°'6 and 4SS°*5 the stations of KiUamey, Dublin, Babbacombe, 
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Teignmouih, and Yentnor ; and finally tho very warm stations of Guernsey 
(48°-4), Ilfracombe (48°-8), and Falmouth (48°-6). 

As to the mean minimum temperature, Table III., the three months 
January, February, and March, are very much alike, and the general grouping 
is very similar to that given above, with the exception that the next lowest 
mean minimum after Buxton (30°-0) is foimd at Hillington (Sl'^-C), and 
certain other minor differences, the principal being tho warmth of Weston- 
snper-Maro (86°' 1), and tlie coldness of Carmarthen (84°' 6). As to the 
mean maximum temperature. Table IV., there is a gradual increase during 
the first three months of about 1^ per month. 

In April the first great change occurs in the mean temperature, Table Y., 
and we may say that with the exception of Hillington (45^*0) and Llandudno 
(45°'6), tho whole of England and Wales' north of latitude 52*^*6 N. is cold, 
with a temperature not exceeding 44°- 6; then come Llandudno, Hillington, 
Cheltenham, Kenilworth, and Aspley Guise, and the three stations of Mari- 
borough, Swarraton, and Harestock, with a temperature between 44°'6 and 
45°' 5; then come, with the few exceptions hereinafter mentioned, all the 
stations south of latitude 52°'6 N. with Dublin, Londonderry, and Killamey, 
with a temperature between 46°-6 and 40^-6 ; then Regent's Park, Ports- 
mouth, Yentnor, Brampford Spekc, Falmoutli, Ilfracombe, and Weston-snpor- 
Mare, witli a temperature between 46°'6 and 47°'5, and lastly Teignmouth 
and Guernsey with a temperature between 47°"G and 48°-6. The rise in 
temperature, as I have mentioned before, now becomes very rapid, and this 
culminates in July. 

In J nil/ we have in tho mean temperature, Table Y., rather a singular 
state of things : Buxton as before is the coldest with 5G°-8 ; tlien come with 
between 57°-G and 58^^-6 Scaleby, Scathwaite, Macclesfield, Cheadle, Church- 
stoke, Londonderry, and Killamey ; then with between 68°-6 and 69°-6, 
Scarborough, Belper, Blackpool, Llandudno, Carmartlien, Bade, Sidmouth, 
and Marlborough, a rather remarkable group ; then with between 69°*6 and 
G0°-6 come Dublin, Wakefield, Hodsock, Somerleyton, Lowestoft, Kemlworth, 
Cheltenham, Swarraton, Harestock, Southl)oume, CuUompton, Babbacombe, 
Ilfracombe, Ashburton, and Falmouth ; then, with between 60°-6 and 61°*6, 
the whole of the remaining stations and Guernsey, except Regent's Pftrk, 
Norwood, Strathfield Turgiss, and Portsmouth, which, with a temperature 
between Gl°'6 and G2°-6, form the last group and have the highest mean 
temperature. « 

With respect to the July mean maximum, Table lY., we have the singular 
lact that the western stations, except Scaleby, with Killamey, Buxton, 
Ciicadlc, and Falmouth, with a temperature Ixjtwcen G8^'G and G5°-6, are the 
coldi^st; then conio Scarborough, Scaleby, Macclesfield, Dublin, Londonderry, 
Sidniuuth, and Guernsey, with between G5''-G imd (j&^'5 ; tlien with l)etween 
()(r() and G7^-5 come; Belper, Churchstokc, Carmarthen, Weston-super- 
Mare, Bubbacoinbe, Weymouth, Southbourne, Yentnor, Wortliing, and 
Lowestoft; then with between GT'^'G wid G8°-6 Wakefield, Kenilworth, 
Ashburton, Teignmouth, Swarraton, Harestock, Brighton, and Margate ; then 
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with between 68°-6 and 69°-6 Hodsock, Somorlcyton, Cheltenham, Marl- 
borough, Cullompton, Brampford Speke, and Uainsgate ; then with between 
69°*6 and 70°*5, Hillington, Burghill, Asplcy Guise, Croydon, and South- 
ampton; then with between 70°'6 and 71°*5, Ross, Regent's Park, Norwood, 
Beddington, and Portsmouth ; and lastly the warmest, Strathfiold Turgiss, 
with 72^- 1. 

Mean temperature, Table lY., now falls more gradually than it has risen, 
and in October we have considerable changes. Buxton again has the coldest 
mean temperature, 44°* 7, and then with a temperature between 4 5°* 6 and 
46^'5 come Macclesfield, Cheadle, Belper, and Churchstoke; then with 
between 46^*6 and 47°* 6 come Scaleby, Seathwaito, Hodsock, Ke^ilworth, 
Cheltenham, Aspley Guise, Marlborough, and Swarraton ; then with between 
47°-6 and 48°-5, Scarborough, Wakefield, Blackpool, Hillington, Burghill, 
Ross, Croydon, Beddington, Strathfield Turgiss, Harestock, Brampford Speke, 
and Londonderry ; then with between 48°'6 and 49°*5, Carmarthen, Cul- 
lompton, Southampton, Regent's Park, Norwood, Somerleyton, Lowestoft, 
Dublin, and Killamey; then with between 49°*6 and 50°* 6, Llandudno, Ash- 
burton, Babbacombe, Sidmouth, Southboume, Worthing, Margate, and 
Ramsgato ; then with between 50^*6 and 51^*5, all the remaining stations on 
the south and south-west coasts, except Ilfracombe, Falmouth, and Yentnor, 
which are between 51°'6 and 52°'5, and Guernsey (58°'0), the warmest 
station. 

The mean temperature, Table Y., now falls rapidly up to the end of the 
year, the fall being from 8^ to 10^ in two months. 

In considering the yearly mean temperature, Table V., we have, as might 
bo expected, the lowest 44°'7 at Buxton, and the next lowest 46°*2 at Cheadle ; 
then come a long series of stations with low readings, between 46°*6 and 
47*^*6, comprising all the stations north of latitude 52° N. (except the three 
Irish stations, Llandudno, Wakefield, Burghill, and the three stations in the 
Eastern Counties), and Marlborough, and Swarraton ; next with between 47°*6 
and 48°'6 come Wakefield, Burghill, Cheltenham, the three stations in the 
Eastern Counties, Harestock, Beddington, and Londonderry ; then with a tem- 
perature between 48°*6 and 49°'5 come the remaining two Irish stations, the two 
Welsh stations, Ross, Regent's Park, Norwood, Croydon, Margate, Ramsgate, 
Worthing, Southampton, Strathfield Turgiss, Southboume, Sidmouth, Cul- 
lompton, and Brampford Speke ; then with between 49^*6 and 50°5, Brighton, 
Portsmouth, Weymouth, Teignmonth, Babbacombe, Asliburtou, Bude, and 
Weston-super-Mare ; and finally with between 50^* G and 51°- 5, the stations 
of Ilfracombe, Falmouth, Yentnor, and Guernsey. 

As to the yearly mean maximum temperature. Tabic lY., the lowest stations 
with between 61°-6 and 52°*5 are Scarborough, Seathwaite, Buxton, and 
Cheadle; then with between 52°*G and 53° 5 come Blackpool, Macclesfield, 
and Belper ; then with between 58°'6 and 54°'5, SctUeby, Wakefield, Llan- 
dudno, Churchstoke, Kenil worth, Somerleyton, and Lowestoft ; then between 
54^*6 and 55°'5 come Londonderry, Dublin, Hodsock, Hillington, Aspley Guise, 
Cheltenham, Weston-super-Mare, Ilfracombe, Sidmouth, Weymouth, South- 
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boarne, Marlboroagh, Swarraton, Harostock, Worthing, Bamsgaie, and 
Margate ; and then with between 55°-6 and 58°*5 come all the remain ing 
stations except Stratbfield Turgiss, Soathampton, and Portsmouth, which, 
with a temperature of between 56°*6 and 67°*6, form the last group. 

The yearly mean minimum temperature, Table III., is very different from 
the above. Here again Buxton is the lowest with 87°-7 ; then comes Church- 
stoke with 89°-8 ; then with between 89^-6 and 40°-5 come Scaleby, Hodsock, 
Macclesfield, Cheadle, Belper, Cheltenham, Kenilworth, Aspley Guise, Hilling- 
ton, Marlboroagh, StrathfieldTurgiss, and Swarraton ; then with between 4(F*6 
and 41^*5 come Seathwaite, Wakefield, Somerleyton, Beddington, Harestock, 
Southampton, Cullompton, BurghiU, and Boss ; then with between 41^*6 and 
42^*5, Blackpool, Scarborough, Lowestoft, Regent*s Park, Norwood, Croydon, 
Brampford Speke, Carmarthen, Londonderry, and Killamey ; then with 
between 42^*6 and 48°*5, Ramsgate, Worthing, Portsmouth, Sonthboume, 
Sidmouth, and Ashburton ; then with between 48°'6 and 44^*5 Dublin, Llan- 
dudno, Weston-super-Mare, Bude, Babbacombe, Brighton, and Margate ; 
then with between 44^*6 and 46°'5, Yentnor, Weymouth, and Teignmonth ; 
then Falmouth with 46°' 9; and lastly Ufracombe and Guernsey with 46^*9. 

Relative Humidity. 

This branch ot our subject. Table VI., need not detain us long, for owing 
to the very great uniformity there is not so much to say. In January 
Relative Humidity is higher in the Midland Counties than elsewhere, and 
varies from 94 at Aspley Guise, to 85 at Seathwaite and Llandudno; the 
months of May, June, and July are dry, the percentage of Relative Humidity 
being low especially in the neighbourhood of London. After July Relative 
Humidity gradually rises at all stations, but the distribution remains much 
the same, the Midland Counties having the highest percentage. As respects 
the mean yearly percentage I shall deal a little more in detail. If we look 
carefully at Table YI. wo shall be struck with the fact that the percentage of 
Relative Humidity is lowest, comparatively, at our sea coast stations, with the 
exception of the three stations of Ufracombe, Sidmouth, and Guernsey. This 
low percentage is probably due to the alternate Land and Sea breezes. Llan- 
dudno has the lowest percentage (79) ; this station is situate on a neck of land 
joining the Great Orme's Head with the main land, and consequently the 
wiud is comparatively constant. I would call attention to the low Relative 
Humidity (81) at Seathwaite, a place well known as having one of the 
largest yearly rainfalls in the British Isles, a fact which would seem to show 
that a large rainfall has apparently little or no effect on the percentage of 
Relative Humidity. The percentage in the Thames Valley also seems low. 
The highest percentage occurs in a group of stations in the hilly district 
round Buxton. 

I wish to emphasise the fact that the above remarks on Relative Humidity 
refer to 9 a.m. only ; whether the same conclusions would be arrived at with 
observations at other hours of the day, I cannot say. 
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Amount of Cloud. 

This part of the subject again, Table VII., need not detain us long, for 
there is great uniformity in the figures. In January, which is the most 
cloudy month in every district, as appears from Table VIL, the south- 
western district has most cloud. The amount gradually diminishes in all 
districts till we come to May, which seems to be the month of least cloud, the 
lowest amount being in the south district. From this month the amount 
rises slightly until the end of July and then falls somewhat for August, the 
southern district being the least cloudy. Thence the amount rises rather 
more rapidly till NoTember, when our south-western districts seem to be the 
most cloudy. The amount then falls slightly for December. 

In dealing with the yearly mean amount of cloud more at length, we shall 
at once be struck with the fact, that with the exceptions of Llandudno, 
Babbacombe, Sidmouth, and Guernsey, our sea coast stations have the least 
cloud, a fact specially noticeable in the cases of Weymouth and Worthing, 
which have 5*4 and 5*9 respectively : then in order, having between 6*0 and 
6*4, the three neighbouring stations of Portsmouth, Ventnor, and South- 
bourne, and Ashburton ; then, with between 6*5 and 6*9, we have Blackpool, 
Macclesfield, Cheadle, Dublin, Carmarthen, Ross, Ilfracombe, Bude, Fal- 
mouth, Teignmouth, Cullompton, Southampton, Ramsgate, Margate, Bed- 
dington, Norwood, Aspley Guise, Somerleyton, Lowestoft, Scarborough, 
and Guernsey ; then, with 7*0 to 7*4, come Scaleby, Wakefield, Hodsock, 
Buxton, Llandudno, Killarney, Burghill, Cheltenham, Kenilworth, Hillington, 
Weston-super-Mare, Brampford Speke, Babbacombe, Sidmouth, Harestock, 
Swarraton, Strathfield Turgiss, Marlborough, and Croydon ; and lastly, 
with from 7*5 to 7*9, come Seathwaite, Churchstoke, and Londonderry. 

These remarks of course refer to the amount of cloud at 9 a.m. only. 
The largeness of the amount in the winter months as compared with the 
summer months is probably due to the fact that the morning mists in winter 
have not been dissipated by 9 a.m. Tlie smaUnoss of the amount at tlie 
coast stations is perhaps due to the sea breezes dispersing the morning 
mists earlier than they disappear at the inland stations. 

Rainfall. 

In dealing with this last branch of our subject I am met with a difficulty, 
because gentlemen of far greater knowledge than mysulf have expressed the 
opinion that a ten-years mean in rainfall is of very little value. This I do 
not pretend to deny, and shall only plead in extenuation that a ten years mean 
is better thim none at all. The mean Rainfall is given in Table VIII. 

In January the lowest rainfall between 1 and 2 inches occurs between 
latitudes 51° to 58° N., and longitude 2° E. to 1° W., that is in our Eastern 
and South-eastern Counties, and round about London. Between 2 and 8 
inches we have nearly all the rest of the stations with Dublin, and Guernsey, 
except Seathwaite, Buxton, Carmarthen, Falmouth, Bude, Babbacombe, 
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TABLE I. — Stations and Obsebvers— ConOnwerf. 







^ . 




Station. 


County. 


Height abo 
Sea Level 


Observers. 

1 


England, SW. — Cmt. 




Ft. 


1 


Ufracombe 


Devon 


25 


M. W. Tattam. 


Bade 


Cornwall 


16 


J. Arthur. 


Callompton 


Devon 


202 


T. Turner, J.P.. F.U.Met.Soc. 


Brampford Spekc 


Devon 


113 


W. II. Gamlen and Miss M. B. Gamlen. 


Sidmoatb | 


Devon 


186 
148 


W. T. Radford, M.D., F.R.Met.Soc. 


Teignmouth \ 


Devon 


50 
70 


W. C. Lake, M.D. 


Babhacombe 


Devon 


293 


E. E. Glydo, F.R.Met.Soc. 


ABhburton 


Devon 


584 


F. Amery, J. P. 


Falmoath { 


Cornwall 


210 
175 


1 W. L. Fox, F.R.Mct.Soc. 


1 




167 


E. Kitto, F.R.Met.Soc. 


Ireland. 








Londonderry 


Londonderry 


74 


J. Conroy, F.U.Met.Soc. 


Dublin 


Dublin 


54 


J. W. Moore, M.D.. F.k.Mct.Soc. 


KiUamey 


Kerry 


91 


Ven. Archdeacon Wynne, M.A., 


Guannkl Islands. 






F.H.Met.Soc. 


Guernsey 


Channel LsIch 


180 


F. E. Carey, M.D., F.R.Met.Soc. 



Note. — The names of the Second Order Stations arc printed in italics. 



Cullompton, Asbburton, and ibo two Irish stations of Londonderry and 
Killamey ; between 3 and 4 incbos we have 13ude, Babbacombc, CuUonipton, 
and Londonderry ; between 4 and 5 inches, Buxton, Carmarthen, and 
Falmouth; and over 5 inches we have Ashburton '(5'15 ins.), Killamey 
(7*88 ins.), and the wet station of Seatbwaite (18-58 ins.). 

Li April, which, contrary to what might be imagined, seems to be in all 
districts nearly, if not quite, the driest month, we have a fall of between 
1 and 2 inches over very nearly the whole of England, with Londonderry 
and Guernsey, except at the following stations, which have a greater fall ; 
between 2 and 8 inches are Falmouth, Babbacombe, Teignmouth, Sidmouth, 
Brampford Speke, Cullomptou, Marlborough, Ross, Carmarthen, Church- 
stoke, Belper, Buxton, Wakefield, Scarborough, and Dublin ; between 8 and 4 
inches we have Ashburton and Killamey ; and over 4 inches we have Seatb- 
waite (G-43 ins.). As a rule the rainfall seems gradually to diminish between 
January and April. 

From April to July the rainfall seems to increase gradually, so that in July 
we have only one station with a rainfall below 2 inches, viz. Weymouth ; 
between 2 and 8 inches we have nearly the whole of England, with Dublin, 
and Guernsey, except tlie stations after mentioned ; between 3 and 4 inches 
are Falmouth, Ashburton, CuUompton, Hillington, Maccleisfield, Bhickpool, 
Scaleby, and the Irish stations of Londonderry and Killamey ; and over 
-4 inches we have Carmarthen (4-61 ins.), Buxton (4-48 ins.), and Seatbwaite 
(11-44 ins.). 
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TABLE II.— Heih TKHPEUTunE a 



Endlinti, N.K. 
9c«rborotiRh 

E Nil LAND, E. 

IIit1in((tou 

Somprl^jton 

LowcBtoft 

MlRLINII COUKTIKB 

Wakefield 

Itodsock 

Ilnxlon 

Chesdlo.' 

ChnrahBtoke 

Uurghill 

Itnas 

Cheltenham 

Kimilwordi 

Asplcy UuJBO . . . 
Enoland, S, 

Itef'cnt'B I'arb 

Norwood .... 

Crojiion ., 

UctMiiiRton .. 
Marlboniuuh... 
Slratbfivld TuTgiiu \ 

Swarratou 

Hareslock 

Soiithnniplou .... 

Uargalu 

ItaiDHgntu 

Itrih'hton 

Worthing 

riirtsiuoiith 

Vcnlimr 

Soiithboume 

Wejmonth 

HcOTLiSD, W. 

ENoiaNi.."N."w." 

Scathwaita 

Blackpool 

Macalcafield 

Llandudno 

EKOI.ASU. a.W. 

Cormartlivu 

Weston- Huper Mart 

Llliaconibi). 

Hilda 

Cii]loni|)lfl>i . ... 
UnimpfordSpeke. 

iSidmnuUi 

Toignmoiith 

ttabbauomln: 

Aahburlon 

falmoulh 

iHKLANO. 

Londonderry . . . 

Dublin 

Killarnc? 

CntHNEI. IbIiANDB, 

OaemBey ..^ 



6 5I-I 5 
51-9 5 



3 394; 

i;457 
6 iTSA'i 5 
3 3«7'43*9 5 
» 377' 4*'9 5' 
9 39*; 4*3 5 
3 4''o;45-9,537 5 
9 4'-bI 46-6| 54-4 
5 40-6 460 53 2 s 
1471 5^'3 5 
3 i"} 457i SSB 



, 63-0 
J 5rs 607 5 
t 6o-8 59-4 5 
1 627 613 5 



?48«4 
* 47-5 4 
) 46 7 4 



S 47-6 4 
7 46'8 4 
D 47'8 4 



439 385 i 
4 4'-4 3f 
7 46-5 41 



i 54'9 4S-0 4 
555 487 4. 
g 560 50-1 41 
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TABLE III.— Mkas Unniioii TEMPBaiTUBE, 1881-1890. 



BtatioD. 


i 


1 


i 


< 


S 


§ 


^ 


< 


• 


1 




1 


1 


Kkolwi,, N.B. 








~ 








Bnolanii, E. 
mDinrton 


3+-5 


353 


353 


387 


437 49-4' 52-6 


52-0 


49-8 


43-9 


39-5 


34-6 


42-4 


315 


3^6 


3«7 


367 


4J-'I 47"5 5f9 


50-O 


47 4 


410 


37"' 


3''9 


401 


Somerlejton 


31a 


33-3 


335 


37-9 


43'4! 48-815^-0 


5'"5 


49'9 


42-9 


38-6 


327 






33-8 


343 


34-5 


387 


4)>gi 49-3! 52-5 


5'"4 


5°'7 43 '5 


39" 3 


340 


422 


Ultlt.JU(l> CODNTlKfi. 
















1 








Wkkefleld 


33-8 


340 


33-9 


37- ■ 


41-6 


48-0 


SI'S 


50-4 


47-3 4'7 


37*8 


335 




HoHsMk 


3. '6 


33' 


3»;9 


35-2 


4. -7 


47'3 


50-9 


49' 




406 


36-9 


3« 7 


399 


BoibKi 


30-0 

3f8 


30-6 


330 


34*1 
37' 


39-5 


44-9 
482 


484 
5''5 




47-4 


» 


34-8 
373 


297 
32-0 


377 
40-4 . 


Bdpar 


33'3 


50-i 


ChewJle 


31-9 


3^-5 


327 


36-3 




47-: 


504 


4951 47- 1 


40-5 


37''' 


3 '7 


399 


ClmrahBtoke 


3 '-9 


3*7 


32-2 


354 


407 




49'3 


48-3 


457 


39-8 


36-9 


32-0 


393 




3^5 
331 


33'^ 
33-8 

J2-9 


34-'' 
34-1 
33-1 


374 

Hi 


43' 


£ 




50-0 
507 
497 


475 
469 


40-s 


381 
38-8 
377 


325 
33-1 
327 


407. 


Ctt. .:::::::: 




Cheltenham 


41-5' 48-1 


5. -2 


39;i 


;»i! 


Kenilworth 


317 


33' 


33'o 


3«-7 


42'3 47B|5''4l49-9 


47'2 




37"' 


32-1 


40-2I 


A«|jlej(iuifle 

EsOL.lNli, 8. 
IttRenfa 1'atk .... 


320 


3»5 


329 


1»5 


42'i 47-9 5'-4 


go-5 


477 


409 


37 4 


3 '7 


40-3 


33-8 


344 


34-8 


"a' 


44-9; 50-5I 53-8 


51-9 


497 


42-; 


39* 


337 


4-'4 


Norwood 


340 


346 


34'6 




44-ii 50-1 53-2 


52-3 


494 




38-9I33-8 


%;\ 


CrojJon 


333 


34' ■ 


34-4 


Is-t 


44-0: 49-6 5'-9 


52-0 


49-i,4'7 


38 -91 33"' 


4'-8! 


Boddinglon 


3^3 


33-6 


33 5 


37- 


41B 48-41 51-6 


50-5 


47-8 


40s 


37-& 


322 


407 


Marlborough 


ill 


33" 


3>-5 


,6-4 


42'o, 47-4 


50-3 


49 > 


461 


393 


35-8 


31*6 


397 


8trall]fieldTurgis« 


3r8 


33-4 


33'ii 


36-7 


42-5 


48-2 


5'-' 


SO-9 


473 


40-1 


37"3 


3>-8 


40-3; 


Swarraton 




33-1 


3r8 


364 




47 5 


509 


49'8 


47'' 


40-0 


373 


32-1 


40-1 1 


Huemook 




335 


331 


368 


42-5 


48-. 


51-3; 507 


47-9 


409 


37 "9 


32-9 


40-7 


SpothuoploD .... 




339 


335 


373 


43-1 


48-4 


S1-6I506 


48-1 


40-9 


38-o!32-9 


409 


Haroato 


34-8 
34'4 


354 

35-0 


35-9 

35-6 


401 


45-6 
455 




54-ol 54-4 
53* 536 




449 
443 


40-5 

40-4 


351 

347 


437 
43 3 


B^SCte.. ..::., 


50-7 


52'o 


Brighton 


35° 


360 


35-6 


40-3 


46-4 


51-6 


551 


5f8 


52'3 


447 


42-2 


36i 




WoTthing 


34'5 


35-6 


3S'3 


39-8 


45-9 


50-9 


54-2 


53'9 


5--6 


44 'o' 40-8 


35-2 


43'5 




33-8 


34-9 


35' 1 


38B 




50-4 


S37 


537 


50-8 


43-7 40-6 


352 






374 
355 


37-7 
357 


37-5 
35-4 




47' 5'-8 
448 50-3 


55-3 
535 


558 
527 


537 
50-0 


470 437 
43'4 40-8 


382 
356 






3^:^ 


45 5 
43' 




37' 


37-2 


37-:' 




4&-3 5i'S 


54-6 


548 


51-6 


460 


43-2 


377 


44' 9 




























Scaleby 

Enoluid, N.W. 


31-5 


33' 


330 


36' 1 


41-4 46-6 


498 


'"' 


46-3 


40-3 


36'3!3l-6 


397 


8cath*raite 


339 


338 


33-6 


37-5 


419 484 


SI'3 


504 


47'5 


4' "3 


38-J33-4 


41-0 


Blackpool 


33 5 


34'5 


346 


37-^ 


43-2 48-8] 51-8 


521 


49-2 


43"' 


39' '133 '9 


419 


HacclnGeld 


322 


33'" 


329 


36-B 


42-4 47-51 50-9 


50'2 


47-3 


40-4 


37-4132-0 


40-3 


Ekoland. S.W. 


iT° 


36-8 


3e'8 


39-8 


451 50* 


537 


533 


SO"9 


454 


4i-7!37'l 


44-0, 


Carmarllien 


345 


353 


35-0 


38-4 


44' 2 49-2 


5 '9 






423 


39*i34"5 


420 


Weston-iDper-MaTr 


36-. 


36-2 


36-7 


40'4 


45'2s,-7 


55-1 


54-4 


5'-; 


45-3 


4i'8lj6-3 


44"3 


Ilfcacombe 


39'4 


39'4 


39"^ 


42-7 


47-8 S3-> 


557 


56-5 


54 -J 


480 


45'2|l03 


46-9 


Ba.le 


36'4 


36-3 


36'5 


39-6 


451150-1 


535 


52-8 


503 




4 2 4 35' y 


43'7 


Cpll..mpU>n 


iy9 


34-5 


3+-3 


377 


43-0; 48-3 


51-2 


49-8 


47-2 


4''; 


39"U 


335 


411 


BramprordSpeke., 


340 


347 


347 


383 


44-3, 498 


515 


Sl-2 


48-0 


4''9 


39' 1 


339 


41'9 


Sidmouth 


35 2 


36-5 


362 


394 


45'o so- 1 


53' 


5»7 


S"') 


444 


4'7 


ib-6 


43'S 


TeiRnmouib 


374 


37-3 


37-2 


410 


45-4 


517 


54-6 


53-9 


512 


45' 


42-5 


37'2 


44 '6 


Uahbaoombe 


37'2 


36-9 


366 




454 


50'6 


533 


S^'9 


505 


44'5 


419 


37'' 


+3'9 


Aslibnrton 


36-i 


36-1 


360 


39*5 


450 


503 


53-0 


5*7 


502 


44 "5 


4''5 


364 




Falmoath 


39-8 


39" 


391 


41-9 


4O8 


51-8 


54-4 


545 


524 


472 


44'S 


398 


459 




35-1 


355 


35-6 


38-2 


43't> 


48-1 


506 


50- i 


47-2 


42-2 


38-4 


347 


41 '5 


DDblin 


373 


37'5 


36-8 


40-4 


45 '6 


5I-0 


537 




49-9 






3O-5 


43 9 


CHunraL Ibuhdb. 


36-9 


364 


36-» 


382 


433 


48-4 


51-0 


511 


479 


42'3 


40-2 


351 


41-3 




392 


m. 


422 


432 


477 


519 


svi 


5V! 


54'4 


487 


457^407 


469 
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TABLE IT.— If US UuiMrv TEapEUTrmE. iSSi-iSgi 



1 E^ouI(D. K.E. 

: Se*rboroagb 

Ebclujd, B. 

I UitliDgloa 

{ Somexlerton 

lowestott 

I UlUIOHb CUCNTIEK. 

Wrtcfidd 



hvlpei ..'. 

Gheadle 

CborchsUike . . 
I Barsbm 



Cbdtenhaa 

Kenilwoith 

Asplej UaiM 

Enoluid, S, 
Bcgeot's Puk . . , . 

Konvood 

Crufdon 

Beddinglon 

MarlboroDgb 

StTolbGeld TurgiBs 

Swamlon 

UaiMUicli 

SoaUi>mpU)ii 

B&msgate 

UrigbtoD 

Wortbinic 

Portwnoulb 

VentDor 

Sontbboonie 



6C..T 



Scnleby 

BHai.AND, N.W. 
SeaUiwnite 

Blackpool 

M QocIeBfield 

LlBDdudno 

En LANK. 8.W. 

CannaKben , .. . 
Weiitaii'Bapct-llitr 

IKrocombo 

IJudB 

Callonijjtoa 

Brompliird ISpeke. 

Sidmoutli 

Tci (CD mouth 

Ualibacombe 

AsbburtoQ 

H'slmoulh 

Ihbunii. 
Londuiidcrr; . . . . 

Dublin 

KiltuTni'y 

Cj IAN NIX ISLAKUa. 

iiaetoees 



' A32 45-6 491 55-7 61-2 656 64'i;6o'4:5i-8| 475 43 

I I I 

S 43" 477 53' (•'■' 671 70-569-0. 63-91 54-8. 47-8 41 
J 43-6 47' 5'-' Sgo 64 ■ W-8 67-& 63-5; 55-3, 48-<^4J 
5 43'3 4^0 «■*• 57" fi^"9 67'4 668;63-3 55'3' 49»|43 



-I 46- 
*5 47'. 
"3 436 



■7 599 651 677 
47 7 5i-^ 60 5 66-0 69-0 

436 496 57*' ^yo ^5' 

46 ' 5'T 59 I 647 67-2 

3 45" S''"- S"'' 63-3 65-5 

9 4'>'3 5^ ' 590 64W 66it 

"4 489 54-f 62-3 679 ■""■ 

i 49'2 55' 61-7 68*^ 



66 6 62-2 53-8; 48-7 41-7 ' 

676 63-31 _ 
63'* 598 5 
65-6 61-i 



3' 545. 4 



441-3 ! 



5 492 55 I 017 000 70 
5 475 53f' 6"' ^9 ^'2 
■4 *(• 9 52-4 59'9 ^5S 68s 
■■> 47' 53 ' 607 666 69-9 



50-61 454 

5^-5147' . - . 

51-81 46-5^-5 ■ 

533; 48ii42-5 

55-3. 494 *3-4 

55*2' 495 13-3 

54-4i49'i 



69-9! 64 6 
68-4i 637 
67-1 61-9; 
68-61636 540 47-541-1 



9 53-8 +7-71 



■5 ; 



I 71-0 70-0 649 55-2 49-ZI41-9 ; 



■9 440 47 9 539 61-6 67-0 700 69-31 64 4 5; 

9 481 54 ' 62 2 67-9 71-1 70-1 647 s; 

7; 47-2 530 60-4 66-1 68-6, 6H-0 63-3 5. 

'493 55* 63-4 630 711 To-t 657 5I 

■5 43^8 47* 53-3 60-5 657,68-3 67-B 63-2 5. 

■6 44-r47'6 53-5 60-3 66-0 68-5 68-1 637 51 

, 45-4 490 53-2 62 2 67-9 69-9 69-5 651I 5( 

'43-6 46-7 51-1 5S-6 64-o'68-5:67-»|e3-6i5; 

44-0 47-2 51-5 59-7 65-1 69-0' 68-4! 64-41 51 

44-9 47* 5Z'3 60-4 65-4 67-9' 66-d 64-0 5( 

5 44-4 47'3 S''6 59-5 64'6 67-0 67-4 64-6 5I 

4 48-8 546 62-1; 68-0. 707 70-4I 66-1; 5; 

'1 48-6 53-4 59-6: 64'8 67-0 67-9; 64-6 5; 

' 47-9 53' ■ 59-3 647 67'5 68-ol64-i]5( 

3 47-5 5'-9 s8-3^3-8 66-8 66-9! 63-4: 5! 

■6 43*9-46'3 5"-S Sgx 64-9 66-2. 63-0! 61-0 53-3 4 

' 43-o' 44*. 50*9' 58''' 63 S 63'8| 63-3! ^'*'''' 5^'3 ■♦ 
43-3 45"'30'9 575i ^^■5! 64-3: 6371 60-9 534 

;42'S 45-1; 31-1; 587; 64-3] 65-8j&4-B6fo 52-2 
;45'6. 46-8; 51-1 57-i63-7j64-8 64-2 61-5 54-5 5 



I 560 

> 54-8 

> 569 



743-5 : 

> 5'>''l43-5 ; 

' 8;45-8 ; 

I 5O344-0 • 

144-6 : 
i 51 9 4f 
1 50-5+- 



4-i,S9'963-i, 

3-1 59-3. 64-81 
i-gl5B-o 62-5 



-3! 66-6; 66-71 
-8| 66-91 67-01 

■'5 64 9] 65-2] 

y» 63-3 65-9 
■ 45-9! 48-9' 54-3^61-4' 06-91 68-9' 68-31 

' ■■i]68-9 67-31 
,•3 65-7 66'oi 
,-7 67-6; 67'9] 
:-o 67-4167-41 
id 67-8 67-3! 
65-4 65-3; 



56-7 



5174' 



a.49'o 55'o 62-1. 67-1] 



3J469 48-4' 51-8' 57-5; 63- 

6;48-7'54-i'6o-4'65- 
5 48-1152-258-864- 
2|49'4'53'j'58* 64- 



643 56-2 
62-9 33-0I 50-3 4. 
62-61 35-7I 5 
64-5: 56-7 
63-31 56-4 . 
^•iM S6"5 5 



5!» 



6; il 64-9 617! S57 5 



470I 46-6] jS-9 52-8 59-1 632; 66-5! e?'! 64-4! 57-3 52-6.477 



S5«l 
56m1 



>ATiBD— BKOUBB CLIJIATOLOOV 1881-1890. 

TABLE v.— Mbi» TBMrBiutijHK, 1881-1800. 



ENOtAND, N.B. 

ScarboToojih 

Emolaxp, E. 
HillinetoD .. 
S<>ro«rIe;ton . 
[ioweslof t . . . 
MrDUKD Counties. 

VVkkefield 

Hodaook 

Baiton 

Belper 

Chrodle 

Chnrcbstolio . . , 

llnrgbiU 

Bms 

Ubeltenham . . . 
Keoilwortb . . . 
A«pl«y tiuiw . . 

EnoLkKn. H. 
UanenVa Pivrk . 

Ni.ttrood 

Croydon , 

Bedding ton 
HaTlburout{li . . . 
titntUifluld TunjL^ 

Swairaton 

Elu-mlock 

SrintliDrnptan . . 

Uargnte 

RiimsqBite 

Bn'RhlOD 

WorthinR 

Ponemonth .... 

Ventnor 

Hontfaboarne. . . . 
Weymouth . ., 

SCOTUUID, W. 

SMicbj 

Rmuil-hd. N.W. 
Seitthnaite .... 

Blackpool 

MaccleaHcld . . . 
IiUndudTio .... 

Emoland, 9.W. 
Carmmthen . . . 
WestoD •saiHir- M i 

Ulraoombu 

B^ido 

CuUomptuu .... 
Bramplurd Spekc 

Sidmoutli 

TeiKamouUi , . . , 
BalbMMimlw .... 

AiihbiirlDn 

Falmoath 

Londnndecry .... 



I 111 



39° 40- 
389 411- 
35-9 36-8 



50-5. 56-1: 59-gj 59-6, 570 49-4 44-3rj8-3 



5-7 59-91 58 6| 
Y9 s6-») S5-S 
5'5| 59-31 58-0| 

y}\ 58-0 56-9 

S'5 sH-i S7-3I 

S-2 607 39*71 

S-7 6r4l&i-3' 

7 4 603 59-0 

^'9 59'9 5'*''J 

7-3 6g 6 59*6 



54 '9 47 5 
33'i>l447 
5-»-3,4fr5| 
53-9 46-1 



55 3 +7-', 
55-0 +7-0 
55-6 47'5 



391 41- J 
38-5 400 



^ 46 &i 53-5'. il-.i 

4 4fi-(,53-3|59 1 
I 46-0 517, 5^^ . 
8, 457. 5^-5, 5^' > 



4"-»347 
4i-3'36-6 
4.-2;36- 
426137- 

43-8I17-9 
44..38., 
43'4l»77 
42'5367 
4J'4)6-3 

^■7 44-3 J»-3 



3. 4^1, SI'S., 
9:467,537159- 

i!47-4;53- "■ 

6|46'0i52'i,57- 
3 46-2 5i'3!57- 

5 44-0 50'3 55- 



5*7 i9(ii5S»|532|47'>4 
7 ' 59"9 59 4 SS-t'US-n 4 
S-i 6ij7'6o'i 566I487 4 
7-5'er3:6i™5S-o:50'i 4 
j-g-6i 36ro5>*-a;5o-o 4 
V5I61 5 6o-(),5K I 50-8-4 
— •^-6 61-7I5S-1 50-1 4 
5K-4I 50-6,4 



3 6.-: 



«59''|5=- 



■4139-1144-2 50-5 
■91 39-8 44-3 5'>'3 
■ll|39''>i44-'>,5<''5 

TTY 

9 4[-8 46'i 5: 

" +^-3146-7 53'9 

43-8, 47'3 



■|57-i,S4'' 46'8'4i-9 3fi7 



56-1; 57 656-KI 53-8! 46-8 41- 
55-6 5H-6 57-9] 5S-', 43* 43-1 
5fro, 58'3 57'5 S4'i 46-3 i^'- 
567 59-2 58H56-i| 49-9.46-1 

57*3 59'' 58-?56-u'49'' 45' 

5H-2 6i'i,6o-7 57-5 50'6 46-1 106 

57-M6.-3'6,v).i5N-, 5-, -^^ 



- 4>'9!4(>-6 53-J, 5"*-- " . - . 
■" 4''9 45-''|5'-5i5''-7 . . : ■■ 

■" 43-3|47*6|33-3|5-'*-7 <' > . 

4 J -5 46-3 52'i|57-7 D.rj ->.. 5 
42-4! 46-3 5J-4|57-9 6j., Ck>-i..5 
437 4'>-9 5.1-', 57-5 599 S'la 5 
4i-j!46-i.5i-7|5fi7 3S j 57-4 ^ 
4-' 7, 4'>3 i^'.iyf' jiJ'J 5"" 5 
42'8 45-8 50-9 S'^S^S-'*-' 579 5 

44'6 479 SV 4 .S7'6[6tv8 fii-V i;, 
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BATABD — ^BNOUSB CLUUTOLOOT 1681-1890t 



Table VI.-Mban Belatiti HnviDiTT at 9 am., 1881-1890. 



Station. 



p 
a 



7o 
91 



E.SOLAND, NR. 

Scarborough 

England, E. 

Hillington 92 

Somerley ton 89 

Lowestoft 91 

Midland Counties. 

Wakefield 91 

Hodsook 9^) 

Bnxton 92 

Helper 9^ 

Oheadle 92 

ChurchRtoko 89 

Uurghill 92 

H0B8 9<) 

Cheltonhim 90 

Kenilworth 90 

Asploy Guise 94 

England, S. 

Rpgeut*8 Park 89 

Norwood 90 

Cn»ydt)n 9° 

Boddington 9^ 

Marlborough 93 

Ktratbfield Turgiss 91 

Swarraton 

Hatestock 

Southampton .... 

Margate 

lUmRgato 

Brighton 

Worthing 

Portsmouth 

Ventnor 

Soutlibourno 

Weymouth 

Scotland, W. 
Scalehy 

England, N.W. 

Scathwaite 

Blackpool 

MacclesQeld 

Llandudno 

England, S.W. 

Carmarthen 

We8ton-8 uper- M are 

Ilfracoml'e 

Bude 

Cullompton 90 

Hraaipfonl Sucke. . : 92 

Sidmoulh 191 

Teignmouth ' 89 

BabbHCombe . . . . ! 89 
Ashburttm .. . . .| 93 

Fulmouth I 88 

Ireland. 



.0 



fo* 



90 
92 
90 
90 

87 

90 
91 

88 

89 

87 

89 

85 
90 

93 
85 

90 
90 

87 



87 

90 

88 

89 

90 
88 
92 
90 

91 

89 

89 

87 
88 

88 
91 

87 

87 
88 

87 

91 
90 



V 

'o 

86 

85 

84 
86 

87 

82 

87 
86 

85 

83 

83 
81 

83 
84 
84 

83 
81 

82 

82 

86 

84 



Londonderry 

Dublin 

Killamey 

Channel Islands. 
Qnernsey 



88 
86 
89 

89 



88 
88 

87 

87 

85 
89 

89 
86 

88 
85 

89 

87 

91 
90 

82 

86 
88 
86 



87 
90 

89 

^7 
86 

89 

86 

88 

85 
88 

88 



81 
82 

84 

84 
82 

84 

84 
81 

82 

82 

87 

86 

87 
88 

79 

80 

84 

84 






/o 

82 
81 

79 

81 

82 

77 

84 
81 

81 

78 
78 

77 
78 
79 
78 

76 
75 
75 
76 
79 
77 



76 



S 



/o 

77 

76 
75 
79 

77 
72 

78 
79 
77 
75 



7o 
77 

75 
76 

78 

78 

73 

75 

79 
80 

77 



75 73 

74 ! 74 

76 I 77 

74 I 76 

73 ' 73 

7^ ' 73 

69 , 70 

70 I 71 

71 I 72 

75 77 

74 76 



9 



7o 
76 

75 
74 
75 

78 
72 

78 
80 
82 

77 
74 
74 
77 
75 
73 

73 
70 

71 
70 

75 
74 



72 



75 I 72 
79 77 



79 

74 
80 



76 
7> 
76 



78 1 75 

79 77 



76 

78 



75 
77 



81 

84 
83 
82 
80 
82 
80 

84 
81 

86 
84 



80 79 

77 73 

80 I 77 

83 76 
76 73 



72 
80 

83 



76 

79 
81 

79 

78 
81 

78 

77 
76 

80 
82 



71 
79 
86 



73 
77 
79 

74 
76 

7« 
77 

73 
72 

79 
83 



72 
72 
77 
75 
74 
76 
75 
78 
75 
76 

79 

75 
75 
76 
75 

71 
79 
84 



72 
76 
80 

75 
75 

78 

77 

73 

73 
80 

83 



73 
73 
74 
74 
77 
78 
75 
79 
77 
77 

80 

77 
78 
80 

76 

75 
78 
83 



9 

00 


< 



£ 

a 
s 



7o 7o 
76 84 



78 
76 
75 

79 

75 
80 

83 

82 

80 

75 
76 
78 



85 

83 
82 

84 
83 
84 
88 

87 
83 
84 
83 
85 



I 

O 



78 ; 85 
74 83 



76 
73 
73 
75 
76 

76 



to 
86 



89 
85 

84 

86 

84 
88 

89 

89 

86 

88 

85 
88 

88 

86 



JS 

a 

i 

o 



74 
78 
82 

76 
76 
80 

79 

77 
74 
83 

83 



73 
74 
77 
77 
70 
77 
77 
76 
74 
75 

83 

79 
78 
83 
76 

76 
80 

84 



76 

80 
80 

77 

75 
80 

79 

81 
80 

83 
82 



82 86 

80 85 

81 85 

82 I 86 
84 88 

83 88 



/o 

88 

91 

88 

90 

89 

89 

91 

91 

93 
88 

91 



81 
82 
80 
80 



85 

85 

84 
86 



80 80 

82 85 

82 86 

80 80 

82 85 

79 80 



85 

83 
83 
87 
79 

80 

84 

85 , 86 



89 

83 

84 
90 

80 

84 
85 



83 , 86 
87 89 



86 

82 
82 



88 

85 
82 



85 1 87 
82 : 82 



91 
92 

88 
90 
89 
89 
92 
90 



88 

90 

88 
88 
86 

90 

90 

85 
89 
84 

91 

85 

89 
90 

82 

87 
88 

87 



84 

84 
85 

84 



86 

85 
87 

84 



89 
92 
89 
88 

87 
91 

85 

89 
86 

88 
86 



7o 
89 

9a 
89 
90 

90 
90 

91 
91 
92 
89 
92 



89 89 
89 90 



89 
93 

87 
89 
89 
90 

92 
92 



89 

90 

88 

90 

85 
90 

90 

86 

89 
85 

92 

86 

90 
90 

83 

91 

89 
86 



89 
92 

90 

90 

88 

9» 

87 

89 
86 

90 

87 



:3 

« 

"% 
83 

84 

8a 
83 

84 
8x 

85 
86 

86 

83 

83 
82 

83 
83 
83 

81 
80 
80 
81 

84 
83 



81 
81 
82 
82 
8i> 

83 

83 
81 

82 

80 

85 

81 

84 
86 

79 

80 

84 
85 



81 

85 

85 
82 

81 

85 
82 

82 
81 

85 
85 



UTABD — KNaLIHH OUKAIOLOQS 1881-1890. 

TJIBLE VJL— Mtt*ir Amodht of Clodb (oio) ** 9 i.ir., 188 



Station. 


1 

J 


6 

1 


1 
6-6 

j:i 

7-2 
6'6 
J't 

67 
6-9 

7-0 
6-7 

67 

7".l 
6-6 
6>9 
6-9 
6-B 
6'8 
6-5 
67 
6-7 

i'a 

5'5 


1 

6-7 

6-8 
77 

73 
73 

7-0 
7-6 

7'2 

6-a 

7-0 
7'S 

7'i 

6v 
T3 

r° 

7'4 
7.0 
7'' 
7"3 
68 
6-5 
6-3 

B 


5 9 
7-1 
63 
6-1 

6-6 
6-6 

68 

6-5 

7-t 
67 

S:' 

7'o 
6-9 

6-9 
65 

6-9 
*'6 
*-8 
68 
6-4 

e-i 

6'o 

5'5 
5'3 

5-5 
S'S 
47 

6-S 

7'0 

ti 

67 
6-3 

60 

64 

67 
«■< 
6-7 
61 
6-3 

S:t 

7'3 
J2 


1 

6-1 

l\ 

6-4 

7-a 
6-9 

'7 

7' I 
67 
6'0 
6-5 
68 
67 

67 
7-1 
*5 

?■' 
70 
69 
67 
67 
G4 

57 
54 

57 
57 

6-s 

6-9 

l\ 
61 

6-4 

6'4 
5't 

65 
6-6 

f''3 
64 

'»! 

68 
6-0 


t 

6-3 

7-" 
6-5 
6-6 

69 

7-0 
71 

6-9 
75 
6-9 

**3 

6-B 

P, 

S4 
7'' 
63 
6-9 
6'« 
frS 

11 


6-1 

6'S 

6-4 
6-6 

6-9 
6-9 


1 

6-5 

1? 
66 

7'3 
6-9 


P, 
7'4 

6-5 

7;s 

6-4 

6-S 
67 
6-g 
6>g 
6-8 
6'8 

1^ 

^:^ 

55 

57 


6-6 

7-6 
7-1 
7'3 

7S 
7-0 
79 

7-' 
7-B 
7-1 
6-7 
7'3 
7'3 
7-0 

7'4 
79 
7-4 
7-5 
7-1 
7;3 

73 

7'5 
73 

6-6 
68 


1 
S 

G5 

7-9 
73 
7'3 

u 

77 
7-2 

75 
7-! 
6-8 
7'5 

7'a 

7-2 

It 

7-8 

li 
'* 

7-6 

!* 

G-4 

07 
6-9 

0-3 

7-5 

7-8 

7-5 
7-1 
7-! 

T^ 
77 
75 
7'4 
76 

V. 

7-2 

7'4 
6-9 
7'4 
8-1 
6-4 

7-2 

J 75 


J_ 

6-5 

7'4 
6S 

7*3 
7-0 
7-3 
^9 

7'5 
7-0 
6-4 

r° 
11 

C-9 
7*4 

6-9 
Ti 

r° 
7-0 
7'' 
69 
67 

61 

5'4 

7-0 

69 

B 

6g 
7*' 
7-i 
(vB 

7-fl 

7'j 
6-6 


End UN D, N.B. 

Scarboraugh 

EjfOLWn. B. 

Haiington 

Somerlejton 

LowBBtoft 

H1IILA.VD CODSTHB. 

WaiBfiald 

BodBock 


7-0 

It 

6-9 
7-6 

7'2 

7"9 
7'5 

70 

r° 

rS 
7-9 

rs 

7'9 
7"7 

u 

T5 
6-6 
7' 

6-8 

7-0 

6-B 
7-B 
S3 

u 

7-2 

H 

8t 
7-7 
7'9 

Ti 

7-9 

U 
7'5 


7-B 

'■' 

7'4 
7-9 

It 

rs 

7"7 
7» 
77 

?:i 

75 
7-5 
7-4 

e'i 
67 

66 

rs 

7'8 
6-7 
6-5 

ri 

li 

67 
7-1 
7'5 

7;9 

7' 
7' 

7-1 

79 
7'1 
77 

7-J 


Belper 


7-1 e'e 

J-Q l>3 

6-6 I 6-a 

7-0 r' 

fr6 67 

6-5 ! e-V 
69' 7-4 

6-4 6-9 
6-4 7-0 

s t? 

6-6 6-9 
63 67 


Chnrchatoke 

BarehiU 


Cheltenham 

Kenilworth 

Aspley Ouifk! 

Regent's Park .... 

MotKood 

Crojdon 

Meddiugton 

UarlboTough 

StrathOda Torgi>8 

Swarraton 

HaraBlock 

SoQthampton 


UtiebtOQ 

Worthing 


6' 4 5-0 


6-4 
S'4 

12 

47 
69 

76 

H 
64 

t'- 

6-7 
6<} 
6-6 
6j 

6! 
«/ 

7-« 
6J 
7-I 

6-1 


Weymouth 

HcoTiJiii., W. 


s'2| 5-3 


47 

7'S 

a-o 

6-1 
6-6 

05 


5'5 
4' 3 

73 
7 9 
ft-S 
?'3 


5-8 fr8 
5-3 67 


KH0L*!<B, N.W. 

Sealhwaito 

Biaokpool 

Maecl<'xHetd 

Knqlani.. S.W. 

Carmartbcn 

WeBtoD-soiwr-Mare 


75 
63 

67 
70 

5'i 
fr4 
6-9 
7-' 
65 

K 

6'8 

21 

7'o 
6-6 


6g 
60 

6-8 
6-5 

59 

r^ 
rt 
69 

7-0 
6,, 
6-8 

l\ 

7'1 
*-3 


7' 
6-9 

I7 

5g 
70 

P 

7-8 
6-2 
7H 
6-6 


8'3 
7-2 
70 
7-5 

7'3 
7-8 

a-o 

7-5 

7^ 
7-6 
7*4 
-Z:5 


Cullumpton 

BrainpIonlSptko.. 

Siilmouth 

Teignmoutb 

Babbacomba 

A»hLiirton 

Kalnionth 

lltKLAHD. 

Oablin 

CnUIMEL rtlUKUX. 

1 Gaomaey 


67 

7'" 
7'-» 

6-5 

6-6 
6-0 
Cg 

Si 


1 

6-3 
. 57 

6-6 

' 6-5 
1 ■''^ 
J S± 



B4T1BD — KNOUaa CLDUTOLOOV 1881-1890. 
TABLE Vin.— Ubah RuvruJ., iSSiMSgo. 



SUIioD. 


i 


i 


^ ' 1 1 


-% 1 ? 


1 


1 


■ 


^ 


i 






° 1 ■< 






1 


a, 


JM 


Esoi-»si>. K E. 


In. 


Id. 


lo. In. In. Iln. 


HT."!"!^ 


I^ 


~lZ 


"l^. 


"1^ 


Id. 


Kioi.iKi>, E. 
HtllirBUiD.... 




'77 


2og 203 iSsjrte 


J-8i,l-86 i-ji 333 


259 


217 


2750 


1-98 
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280 BAYARD KMOLISH CLIMATOLOGY 1681-1890. 

Tho rainfall is now ratlior irregular, as a rulo it diminiehos in Aagust and 
Soptombor, but there are notable exceptions, particularly in our south- west 
and south districts, and also in Ireland and Guernsey ; and it then rises again 
in October. Before dealing with this month, I should like to remark that 
in October our sea coast stations have a larger amount of rain than our inland 
stations. No station has under 2 inches ; between 2 and 8 inches are all tiie 
stations between longitude 0° and 8° W. (except Brighton, Worthing, South- 
ampton, Ventnor, Weymouth, Weston-super-Mare, Belpcr, Gheadle, Maccles- 
field, Buxton, and Guernsey), and also Dublin ; between 8 and 4 inches are Scar- 
borough, Hillington, Somcrleyton, Lowestoft, Margate, Ramsgatc, Brighton, 
Worthing, Southampton, Vontnor, Weymouth, Sidmouth, Brampford Speke, 
Cullompton, Teignmouth, Babbacombe, Bude, Ilfracombe, Weston-super- 
Mare, Churchstoke, Belper, Cheadle, Macclesfield, Llandudno, Blackpool, 
and Londonderry ; between 4 and 5 inches are Falmouth, and Guernsey ; 
between 5 and 6 inches are Ashburton, Carmarthen, Buxton, and Killamey ; 
and over 6 inches is Soathwaite (11*24 ins.). 

Novomlwr sooms to be a wetter month than October except in our North- 
oastorn, Eastern, and South-eastern Coimtics, but I do not propose to go 
into Uiis at lengtli, as Uie distribution is very similar to that of October, 
I>eeemlH>r has a rainfall smaller than November and rather greater than 
January, with a distribution similar to Uiis latter month. 

The mean yearly rainfall is under 25 inches at Hodsock, Lowestoft, 
Margate, Ramsgato, Aspley Guise, Norwood, Croydon, Strathfield Tiirgiss,and 
B«ddingtan ; it is between 25 and 80 inches at Scarborough, Wakefield, 
Uandaduo, Dublin, Burghill, Ross. Cheltenham, Kenilworth, Hillington, 
SonM!iri«}*toD, Bogent*s Purk, Brighton, Worthing, Ventnor, Portsmouth, 
Si>uihainptoii, Harostock, Swarraton, Southboume, Weymoath, and Weston- 
super^Marv ; between 30 and 35 inches at Scaleby, Blackpool, Macclesfield, 
Ch««dk\ Belpor, Churchstoke, Marlbor\>ugh. Callompton, Brampford Speke, 
Sidmouih, Teignmouth, Bal>bacombo. Bude, Ilfracombe, and Guernsey; 
bdwx'si 35 and 40 inches at no station : between 40 and 45 inches at Fal- 
hhhiUi, and Li^udondoxTT : UHw\xn 45 and 50 inches at Carmarthen, aod 
Boxton ; and oviwr 50 inches at A^lnirton ^5057 ins,), Kilkmcv (57-10 ins.) 
and SeaUiwaitc ^lil>H>l ins,) Practically less rain £dls in the cast tK^ u/ 
ihc wt«l^ and the rate of £idl inciv^ases as wo travel wc:sU 

A* U> the numKx of rainy days, 1 do not pi»pc%de to deal with this much 
al k«^. *«» the number of rainy days is very unifvirm, and at no station 
i$ the ditRNXiictC' Mwxvn the nK«lh$ ^^ ^rzvvaictst and least number more than 
niiie A«\^ On kx^ii^ ^t Table IX. il will at ickx be seen that tJie 
««ialkt4 numhcc of ndnv aa>ns tww? in Jane ai>d the laipest in Novcmto 
in aU dtsttiels. With tvAivtx^e to ih*^ ax-an rojtf^T numho' of rainy days I 
fl^dl twinl WKMv *t Vw)^. asil shv>ws josaif xyjt jai^j^-^siinir features. Bode, 
Wex^aKvath. ^^MrMon, WortkiTu:. Ai>i i^njAvc, hiivf K.rw*«a 150 and 159 
mis^v JUj^; AifvieT 0«iwv I^^rfti^* I>tr^ Boaduiiru^ Strathfield Tnrgiss, 
Jlar^J**^ K«wi5^l«*v VrtBtiKtr. Sc*ti:K>i::ra^. azii T^apaDomh, hare between 
14l> tfNl ^^ ^^ ^ UaMM^v B«i!|«tt, fistiji^all. KaniNKWth, Sonwrkjioo, 
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Lowestoft, Norwood, Croydon, Harestock, Portsmouth, Weston-supor-Mare, 
and Guernsey have between 170 and 179 days ; Wakefield, Hodsock, 
Hillington, Churclistoke, Marlborough, Bouthampton, Babbacombe, Ash- 
burton, and Ilfracombe, have between 180 and 189 days ; Scarborough, 
Blackpool, Dublin, Macclesfield, Buxton, Cheadle, Ross, Cheltenham, 
Cullompton, and Brampford Speke, have between 190 and 199 days; 
Scaleby, Sidmouth, and Falmouth, have between 200 and 209 days; 
Carmarthen and Seathwaite have between 210 and 219 days ; Eillamey has 
225 days and Londonderry 240 days. 

The general conclusions to be drawn from this paper may be shortly 
summarised as follows : — 

(1.) With respect to mean temperature the sea coast stations are warm in 
winter and cool in summer, whilst the inland stations are cold in winter and 
hot in summer. 

(2.) The mean maximum temperature occurs at all stations in July or 
August, while the mean minimum takes place mostly in December or January, 
except at Llandudno and the south-western sua coast stations, where it is 
later, taking place in February or March. 

(8.) Relative Humidity is lowest at the sea coast stations and highest at 
the inland ones. 

(4.) The south-western district seems the most cloudy in winter, spring, 
and autunm, and the southern district the least cloudy in the summer 
months, and the sea coast stations are, as a rule, less cloudy than the 
inland ones. 

(5.) Rainfall is smallest in April and, as a rule, greatest in November, 
and it increases as we travel from east to west. 



DISCUSSION. 

Mr. SVMONS said that in the process of preparing the two diagrams of mean 
temperature and of lowest mean minimum temperature, which had been placed 
before the meeting, he had been obliged to carefully go through the figures con- 
tained in this paper, and had not succeeded in discovering smy erroneous 
values, a result which spoke well both for the compiler and the printer of the 
paper. His object in constructing the maps shown was to ascertain where the 
warmest winter temperature prevailed, and also where the warmest yearly 
temperature was experienced. Ho did not quite understand how it was that 
Dublin was so warm in winter ; possibly it was due to the influence of the sea, 
or to the position of the instruments in the heart of the city. The distribu- 
tion of the lowest minimum temperatures was just what one would have 
expected, stations adjacent to the sea being warmer than those inland, and 
the west coast being warmer than the east. In the case of the mean tem- 
perature the distribution was a little different. One very noticeable anomaly 
was that of Ilfracombe. He did not understand why this place should be so 
warm, and could not help thinking that the method of exposiwe (of which he 
did not at all approve) was largely responsible for these apparently favourable 
climatic conditions. The form of screen used — really a large smnmer house, — 
the position of the rain gauge on the roof of this erection, and the general 
surroimdings of the instruments, were, he thought, calculated to give results 
which would make Ilfracombe appear in a much more favoiirablo light as re- 
garded temperature and rainfall than was actually the case. It would be for the 
Council to consider whether a station so equipped ought to have been accepted 
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or to bo rotuinod on the list. Attention hud boon drawn to the low percentage 
of rolfttivo humidity at Soathwaite, which, as was well known, was by far the 
wottost of all the stations compared in Mr. 13ayard*s paper. He hod no reason 
to doubt the oorroctnoss of this result, and ho believed it was usually the 
case that at places with a largo rainfall, the air was as dry as, or drier than, at 
plivcos whore the rainfall was comparatively small. He thought this was 
due to the fact that it was the stations at considerable elevation which registered 
the largest rainftdl, and the high ground being frequently of a rocky nature, 
very little rain penetrated the soil, so that the amount of moisture evaporated 
from tlio ground was exceedingly small, and quite insufficient to cause any 
appreciable increase in the relative humidity of the air. The neighbourhood 
of Buxton had boon pointed out as one of the districts where the percentage of 
humidity was highest, but ho believed it would be found, if observations were 
available, that at the neighbouring town of Matlock, where the rainfiedl was con- 
siderably loss than at Buxton, the air was iimch damper. He was siu^rised to 
see the observations of amount of cloud (Table VII.) agree so very closely, and 
thought the very uniform results spoke well for the efficiency of the observers. 
Ho did not think that the table of number of ** rainv days '* afforded much 
material for discussion, as the records of days of rainfall depended so much on 
the disposition of individual observers, some of whom ignored very small 
amounts, while others duly measured them and entered them in their registers. 
Ho had endeavoured to ascertain the mildest places during the winter months, 
chiefly as indicated by the mean minimum temperatures, and had found that 
the stations ranged thomsolves in the following order : — Guernsey, Ilfracombe, 
Falmouth, Voutnor,Teignmouth, Weymouth, Llandudno, and Babbacoiube. The 
smalhioss uf the lunouut of daily range of temperature was an important factor 
in the dotormination of the climatic conditions of any place, and giving weight 
to this consideration, as well as to tho average degree of cold experienced, the 
following order was obtiiiuod: — Ilfriicombo, Guernsey, Fahuouth, Ventnor, 
Llandudno, Weymouth, Toigmnouth, and Babbacombc. It would be noticed 
that the extreme difTcronco between the mean temperature of the stations on the 
south coast did not amount to more than l^'O or I'^'d ; but he vontiu-cd to think 
that the same amount of dilToronce could be obtained between records from two 
streets in any of those towns. The fact was that it was desirable to have, if 
possible, several stations in ench seaside resort, at grtulually increasing elevations 
and distances from the sea. It wtvs important, too, that the exposure in each of 
tho seaside towns should be, as nearly as possible, at a similar distance from 
the sea and at a similiir elevation, so that tho observations could be more 
strictly comparable. He had not much doubt that if tho instruments at Brighton 
woro placed on what was known as the Madeira Drive, instead of, as at present, 
located in the Old Stoyne Gardens, tlic results would probably equal the Ventnor 
records ; and if the Ventnor instnmients were at a lower elevation and nearer 
tho beach than they are now, tho effect would probably bo that still more 
favourable results would bo obtained than those given in this paper. 

The President (Dr. Williams) stud that in speaking of Buxton and Cheadle 
as the coldest stations, it must be remembered that both these places were at a 
considerable height above tho level of tho sea, Buxton being at an elevation of 
987 feet, and Cheadle 646 feet. Bespccting the warmth of the sea coast stations 
in winter compared with those inland, it was interesting to observe the effect of 
the warm water in the south-west upon the temperature of the air on the 
neighbouring coast, tho higher temperatiuro of the air in tho west as compared 
with that in tho east being due to the warming infliience of the waters of the 
Atlantic. The following figures of average sea and air temperatures in the 
month of February at five stations clearly showed this effect : — 

Sea Temperature. Air Temperature. 

Scilly Islands 49 47 

Fahuouth 48 46 

Torquay 46 45 

Dover 43} 42 

Yarmouth 89 40 

It would bo noticed that in the case of estuaries like the Bristol Channel^ 
Southampton Water, and the Wash, the influence of the sea upon air temperature 
was considerably diminished, and this was probably to be aooounted for by the 
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£act that these inlets were comparatively shallow, so that a good deal of wet sand 
bank would be exposed at low water, giving rise to a considerable amount of 
evaporation, which would tend to lower the air temperature. Then too the 
water in such estuaries would not be entirely sea water, and the fresh water 
mixed with it would have the ofifect of making the temperature lower than that 
of the adjacent sea. It would bo noticed that, generally speaking, there was a 
* decrease in warmth along the course of the Enghsh Chamiel from Land's End 
to Dover, or the fartlier places were removed from the influence of the Gulf 
Stream the less mild their winter chmato became. He had not succeeded in 
discovering why Ilfracombe was so much warmer in winter than Bude, as both 
were under the inHuence of the Gulf Stream. The difference might, of course, 
be due to the exposure of the instruments at Ilfracombe, or might arise from 
the naturally sheltered position of Ilfracombe ; Bude being very exposed and 
unprotected. Carmarthen appeared to be cold, as from its proximity to 
the west coast he would have expected it to have been warmer. On the whole 
the results of these ten years observations confirmed what Dr. Tripe, Dr. 
Buchan, and he himself had previously shown, viz. the great inHuence of the Gulf 
Stream in equalising the climate of sea coast stations in the west, and especially 
in giving them a mild winter climate. Concerning Mr. Symons's remarks upon 
the differences of cHmate to be found in a single sea-side health resort, there 
was no doubt that to obtain the warmest situation it was necessary that the 
observations shoidd be made as near to the sea as possible. Any elevation 
above sea level caused reduction of temperature. 

Admiral Maclear said that he could confirm the statement that a large rain- 
fall had but little, if any, effect upon the hiunidity of the air, for when he was 
stationed in the Straits of Magellan, where it rained on an average five days a 
week, wet clothes Inmg out under an awning dried very speedily. The natives 
of the neighbouring land of Tierradcl Fuogo were accustomed to go about without 
any clothing, and appeared to suffer no inconvenience. They could not have 
80 exposed themseves if the air had been damp. 

Mr. G ASTER said that twenty -two years ago he visited Ilfracombe, and his 
opinion as to the exposure of the thermometers compelled him to use the 
observations with very great caution. With regard to Mr. Bayard's paper, he 
confessed that he was rather disappointed with the manner in which the 
material had been handled. The conclusions arrived at were not very new, 
wliere correct ; it was hardly necessary, for instance, to say that the inland 
sUitions are colder in wijitcr than those on the coast, because that was a fact 
which was already well known. He considered the results needed rather to 
be discussed in a mckimcr which had regard to the situation of the stations 
in relation to the surrounding country, their distance from, and height above, 
the sea, whether they were on hills or in valleys, the direction in which the 
valleys ran, &o. If reference was made to any good collection of mean tem- 
peratures over the British Islands it would be noticed that, after allowing for 
altitude, a band of warm air stretched across Scotland from the Firth of Clyde 
to the Firth of Forth in winter, and a band of cool air in summer, the explana- 
tion bemg that in winter the warm sea air rushed through the valley, meeting 
Utile impediment, and thus retained more of its heat than the air which 
coUided with, and was stopped by, the hills to the northward and southward of 
the valley referred to. The present observations, if combined with those from 
other authorities, would doubtless show other positions where similar phenomena 
would be observed ; and there were many other ways in which better use might 
be made of such excellent materials. 

Mr. Ellis said that Mr. Bayard's paper was excellent so far as it went. He 
thought it was important to have the original values when doahng with figures, 
and these Mr. Jia^ard liad given, it being open to any person to apply any 
corrections for altitude or otherwise, and discuss the observations in any 
manner he thought fit. He (Mr. Ellis) had compared some averages of the 
four stations, Norwood, Regent's Park, Croydon and Beddington (the altitudes 
of which did not differ very nmch from that of Greenwich) with those for the 
Royal Observatory for the some period of years. The averages of the foiu* places 
for the ten years were : mean maximum, 66^*0 ; mean minimum, 41"-8 ; mean 
temperature, 48^*9 ; the mean temperature at Greenwich, deduced from the hourly 
readings from the photogiaphs reduced to the thermometer of the revolving standf, 
being also 4S'''9. The mean result of amount of cloud also agreed very closoly, 
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the mean of the four stations being 6*0 and the mean at Greenwich 7*0. The 
average number of rainy days at the four stations was 168, and at Ghreenwioh 
162. The agreement is thus very satisfactory. He had not had opportunity to 
make farther comparison. A mean from ten years observations, while the best 
that could be obtained from the Society's published results, was of course not 
founded on a sufficiently long period to be accepted as an absolutely reliable 
average. In fact he had shown in a paper read before the Society in 1891 , that 
the monthly averages of temperature for dififerent periods of ten years differ as 
much as 2° or 8°. Fifty vears, although a lengthy period, was perhaps hardly 
sufficient to obtain a satisractory mean, and it was doubtful if a hunted years 
was any too long for the purpose of obtaining a reliable average. 

Mr. Strachan thought that some reference should have been made to the 
work which others had done in this branch of meteorology. He drew attention 
to the fact that two, and, in the case of second order stations, three different 
mean temperatures were published in the Meteorological Record, viz. mean 
temperature at 9 a.m., the mean of maximum and minimum, and. in the 
second order tables, the mean of the averages at 9 a.m. and 9 p ra. These three 
values often differed considerably, especially in the summer months, and having 
regard to this difference he considered that it was desirable that a definite 
decision should be come to as to which of these three values was to be accepted 
as representing the tnie moan temperature. The Society might devise and 
adopt a definite method for deducing mean monthly temperatures. 

Mr. M. Jackson said that there was a popular belief that seaside places were 
much colder than places situated inland ; and he had known parents who had 
seriously considered this popular notion when selecting a school for their children. 
The results given in Mr. Bayard's paper entirely dissipated such an idea. It 
would be noticed from a glance at the tables that so far as temperatwe was con- 
cerned Croydon and Ramsgate agreed very well together on the mean, but the 
mean was not the only item which had to be considered in determining the value 
of any place as a health resort, the extreme temperatures being of very great im- 
portance, as invalids and weakly people were very susceptible to extremes of heat 
and cold. Ho had been much surprised, in looking through the figures, to find 
that Buxton was so cold and wet, and that the climate of Ilfracombe was of so 
favourable a character, but he thought it desirable that these results should be 
confirmed or modified by observations made at other stations differently situated 
in these two towns. 

Mr. Latham said that thero was no doubt that many of the stations showed a 
higher temperature than was duo to them owing to their sheltered sitimtion. 
Llandudno, for instance, was a place to which such a remark applied, its natural 
formation securing for it a greater degree of warmth than its geographical 
position would lead one to expect. The town was situated on low ground and had 
a southerly aspect, being sheltered on the north by the promontory of the Great 
Omie, which really acted as a great reflector of the sim's rays, as well as a 
protection against winds from a cold quarter. Ilfracombe, too, was greatly 
sheltered by the high grounds in the immediate neighborhood, and probably 
the favourable climatic conditions which appeared to prevail at this health 
resort were assignable to its protected situation. With respect to the observations 
of amount of cloud, it was desirable to bear in mind that the expanse of sky 
visible varied greatly at different places, and the wonder was that there were 
not greater discrepancies between the observations. 

Mr. Wallis said that the ten years quoted in the paper was far too short a 
period for obtaining tnie averages of rainfall, if not of temperature aJso, and it 
would be interesting if Mr. Bayard could add the twenty years mean for two or 
three of the stations, so as to exliibit the relation of the averages given to those 
obtiiined from a longer period. 

Mr. MARRioTTsaid that the stations organised by the Society were started on 
an uniform system, and everything possible was done to render the obser\'a- 
tions reliable. Each station was regularly inspected, the thermometers in use 
being tested and the manner of exposiu-e and methods of observation inquired 
into at every visit of inspection. The alterations in the corrections for the index 
errors of the thermometers were ascertained and allowed for. At the first in- 
spection these alterations were found to be in many cases considerable. As regarded 
the exposure and situation of the instruments, the albums of photographs of the 
stations afforded a ready means of judging of the method of exposure, the 
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local peculiarities of any station, and other conditions which might exercise an 
effect upon the observations. Mr. Strachan had stated that some confusion seemed 
likely to arise concerning what should be regarded as the ** mean temperature,*' 
three various means being given in the Meteorological Record, but he (Mr. Marriott) 
thought that if the headings of the columns containing the moans of the tempera- 
ture observations were read, no one could fail to imderstand what the several 
values represented. He had taken the mean temperature, the mean maxi- 
mum temperature, and the mean minimum temperatiu'e for the year and for 
January and July at each station and plotted them on maps, having first 
reduced all the figures to their equivalent sea-level values, and had found that 
most of the apparent anomalies to which the previous speakers had drawn 
attention almost entirely disappeared. The results from Ilfracombe had been 
particularly questioned, and the manner of the exposure of the instruments 
there greatly objected to ; but taking the sea-level temperatures as given in the 
maps which he had prepared, the Ilfracombe figures agreed very well with 
neighbouring stations. The moan maximum was lower in summer and higher 
in winter than at other stations in the district, and the mean minimum was 
higher, a condition of things which appeared to be plainly duo to the influence 
of the sea, which was in close proximity to the screen. At any rate he did not 
see how such a result could be in any way due to the method of exposure, as, 
in his opinion, the largo summer house sort of erection, with its pyramidal roof, 
which was used as a shelter for the thermometers at Ilfracombe,' if it had any 
effect at all, would bo more likely to affect the maximum thermometer, and 
thus cause higher temperatures to be recorded. The minimum temperatiires 
which were registered there could not be affected by the fonn of screen in use, 
but were no doubt greatly inHuonced by the sea. It was hardly fair to compai e 
Biido with Ilfracombe, aa, although on the same coast and not a great many 
miles apart, their situation as regards exposiu'e was widely different, Ilfracombe 
being greatly sheltered, while Bude was very bleak and open. 

The mean minimum and maximum temperatures at Weston-super-Mare, 
Ilfracombe and Budc were as follows : — 

Weston-8.-Mare. Ilfracombe. Bade. 

( Year 44*3 469 437 

Mean Minimnm | January .... 36*1 39*4 36*4 

(July 551 557 53*5 

(Year 555 553 556 

Mean Maximum I January .... 44*9 47*2 46*4 

( July 66*9 64-9 65*3 

Proximity to streams seemed to have the effect of lowering the air tempera- 
ture. This was particularly noticeable in the case of Beddington, in Surrey, 
the instnunents there being close to the River Wandle. The influence of 
the sea upon air temperature in the south-west was indicated by the fact of the 
lowest mean minimmn temperature at the sea coast stations in that district taking 
place in March, as the minimum temperature of the sea occurred in that month. 

One speaker had suggested that a twenty years' average should be given for 
those stations where the records were of sufficient extent ; he had made a com- 
parison between the averages for twenty years, 1871-90, recently published by 
the Meteorological Office as a supplement to the Weekly Weather HeiHtrly and 
those for the ten years 1881-90, worked up by Mr. Bayard for as many of the 
stations as appeared in both sets of averages, and had foimd the average tem- 
perature for the years 1881-90 was about O''*^ lower than the average of the twenty 
years 1871-90. He had also made a comparison between the mean monthly 
amounts of cloud and tlie percentages of possible duration of bright sunshine at 
nhie stations for the period 1881-90, and had found that there was a very close 
agreement between the cloud and sunshine observations, as would be seen by 
the figures given in the Table on the next page. 

If tiie average of the rainfall at all the stations within each degree of longi- 
tude was calculated, beginning with the eastern stations and working westwards, 
the gradual increase in the amount of rainfall from east to west was very clearly 
marked. There was not such a marked variation in the rainfall if the stations 
were arranged according to latitude. (See figiires on the next page.) 

1 NoTK. — A now Kct of thermometers mounted in a Stevenson screen over graas, together with a Snow- 
don min gauge, will vhortly be added to the equipment of the Station at llnaoOmbe.— Oc/oA^ 19<^. 
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TABLE IV.— Uean Uax:iiii>i Tehpebituue, i 



Knoland, N.E. 

Scarborough 

Eholanu, K. 

UilUngton 

SomecTcjtoQ 

Laveiitoft 

M[DI.AND CUDNTIEX. 

Wakefield 

Hodsocb 

BuxtoD 

Cheadle 

CliurchBloko 

l)ui);hiU 

Rom 

CholteDham 

Kenilwotth 

Aspley (Juiue 

Enulind, S, 
Regent's Pork .... 

Norwood 

Croydon 

BeddioetuD 

HarIbor<jui;1i 

Sttnlblinlil Turgiss 
Swanaton 

Iliirtalotl; 

HouthamploQ 

Uorgale 

Hamagate 

Brighton ....... 

Worthing 

fortemouUi 

VeutDor 

Soutbboume 

Wevmontb 

BCirrLAMD, W. 

Scaleby 

ENOLiND. N.W. 

Seathwnito 

ULockpool 

Maccteafield 

Llandudno 

Ebomno, 8.W. 

Carmurtliea 

WestoD - Bupei - U an 

Illrueonibo 

Buda 

CnlloiuptoD 

Bromptord Speke.. 

Sidmiiuth 

Tcignmoulh 

Ualibacomho 

Ashbnrtoii , 

Kalnouth 

Iheland. 
Londundeir; . ■ . .. 

Dublin 

KiUarnty 

CXANHtl. Ib LINUS. 

OnoniBfy , 



■yi' 460 4 



6i-2 67- 

S9-0 64- 

B S7-0 6!-9 



436 49-6 57*1 
4i-5H2'Q 46 I 517 S9'i 
409 42-3 45-1 51-1, 5M-I 
427 439 4<J'3,52i 590 
43'7454 4Mg 54G 62-3 6 
4.1'6'45'5 49'2 55-i;6l-; ' 
*'■>' 445i47'5. Saf'ier-i 
41'8 43-4'46 9'S2'4l59-< 
4''4 43i> 47i|53i'6o7 6 



6SS 67-6 
674 66" 

677 66 6 
690 676 
65-1 63*9 
67- 2 65-6 



42-6 43"9 46-31 Sf8|S9*2 64-9 6 
42-2|43-o 44-6j50'9 58-1 63-8 6, 
42'5 43-3 45-0 50*9! 57-5 f> ' 
41-6 42'5 45-1 51-1; 5B- ' 
45'6 45'e 46-8|5i-i57- 

449 46-4 4B'& 54'" 59'9 65'3 ft 
44'9 45-» 4li'o|53'i 59'5 64'M 6 
47-2 46-a47-d5i-9 5Ko 62'5 6 











1 


1 


£ 


-3 


6S-4 


51-8 


bvq 


S4-8 


ov-i 


sr; 




Sii 


ei'3 


,V8 


iV 


S4'1 


w^ 




r' r 


5-2'5 



48741-7 5 
484 4i'3 3 
45-4 39'S 3 



649 55'2 4 
651 55-6 4 
64 4 55J 4 
647'55'2 4 
63'3 54'4 4 
657 563 4 
63'I 54-6 4 
637 55-1 4 
651 365 5 
636 551 4 
644 556 5 
64-0 56'8 5 
64' 6 56-4 5 
56-1 57-6 5 
64-6 57-1. 51 94^ 
64-' 56-3, 5<''5 4' 
63-4 56-2 



6o-o 51-3! 46-5 
60-9 53'4 48 I 
610 52-1 47041 
6''5 54'S 30-445'S ; 



4S-5 45'5 47'5|S'"" .i'*''''3. . . 
46-3146-4 49-4 54-260-3 65-7' 67-6 67- 
46-0146-2 4>f3J 5^71 5*''*'^5'o 67-4 67- 
45-6 46-[ 4''7|53-3'59'*i 65-6 67-8 67- 
47'3j4''9 4«'4 5i'><l57"SC3*2 ^5' ' 

45-5 46-6 48-71 54-1 60-4' 65-3 65- 
46-0, 46-5 48-1I52-2 58-8 64-2 66 
478|4H'2|4<)-4| 53-3' 58-6 641 65 

4 7'"l4 6 '6:48'95^'8's9'' 63-2 66- 



- 64'5 5 
■4 63-3 5 
■3 636 5 



7 5'* 4; 

3 5^84: 
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TABLE v.— Mean Temperature, 1881-1890. 



Station. 



England, N.B. 
ScarboroDgh 

£NOIiAND, E. 

Hilliogton 

Somerleyton 

Lowestoft 

Midland Counties. 

Wakefield 

Hodsock 

Boxton 

Belper 

Cheadle 

ChnrchBtoke 

Hurghill 

Bobs 

Cheltenham 

Ken il worth 

Aspley Guise 

England, S. 

Regent's Park 

Ni.rwood 

Croydon 

Beddington .... 

Marlborough 

SttHthficld Turgiis 
Swarraton 

Sonthampton .... 

Margate 

Ramsgate 

Brighton 

Worthing 

Ponsmouth 

Yentnor 

Soathboume 

Weymouth , . . 
Scotland, W. 
Scaleby 

Rnqland, N.W. 

Seathwaite 

Blackpool 

Macclesfield 

Llandudno 

England, S.W. 

Carmarthen 

Weston-super-Mare 

Ufracombe 

Bade 

Cullomptou 

Brampford Speke . . 

Sidmoutli 

Teignmonth 

Babbacombe 

Ashburton 

Falmouth 

ItlKLAND. 

Londonderry 

Dublin 

Killarney 

Channel Isijinds. 
Guernsey 



r 



QE4 



o 

38*4 

366 

37*5 
38-2 

38-5 
371 
35 I 
367 
364 
373 
381 
38-4 
37'6 
368 



o 

u 
eS 



39*2 404 



38-2 



40*1 



•c 






43*9 497 



38-4: 40*3 



38-8 

3901 
389 
35*9 
38-1; 
37'4 
38-3 
39*6 
396 

387 
38-2; 



367 378 



38-4; 

38-4^ 
382' 

37'6 
372 
37*5 
37*3 

377 
383 

38-9 
39*0 

399 
39-0 

39- 1 
41*6 

39-9 
41-4 



393; 

39*5 

39' I 
38-8 

38-4 
392 

38-5 
38*8; 

397 
396 

39*5 
40-5 
40*0 

40*2 
419 
404 

413 



403 

402 
40*2 
368 

395 

390 
392 

41*3 
417 
40-3 
40*0 

40-0 
41-4 

4i'4; 
411 

408 

399 
41-2 

40 o 
403 

41'2 

41*2 

4i'5 
41-6 

41-3 
41-9 

431 
41-6 

423 



450 

44*5 
44-2 

44' 5 

445 
41-9 

444 

43*6 

437i 
46- 1 j 

465 
45'2, 
44'6i 

44-8 






553 



517 
51*2 

50*5 

51-2^ 

511 

48-3 

509 
50*0 

49*9 
5271 
530 
51-81 
51-0 

51-4 



"3 



9 
< 



o o 

59-il 582 



a. 
o 



551 



57-3; 608 
56-4' 604 
56- 1 599 



466 535 

46* 53-3 
460 527 

457, 525 
447 !5i*2 

46 «|53o 

449|5«*i 
45'2 51-4 
46-2 526 

457 521 



463 
463 



526 
53*3 



37*6 38-5' 39'5 



38- 1 
380 

369 
41 3 

397 

405 

433 
414 

39 5 

39 4 
408 

419 

41*6 

40-9 

43*6 

40-4 

417 
424 



38-4 
389 

37-8 



46'2| 52-8 
467' 537 
47'4 53*3 
46-0 52*1 

462 523 
44'0 50-3 



565 
567 
53'9 
565 

55'3 

55-5 
582 

587 

574: 
569 

573 

593 
59-1 

58-3; 
58-i| 

567 
586 

567 

57 » 
58-2; 

57-5! 
579 
58-5 
577| 
59*3 
583 

575 
577 

557 



59 

59 
56 

59' 
58- 

58' 
6o' 
6r 
60' 

59' 
60 



594 
596 

59-6 



u 

9 

Xi 

o 

o 

O 



48-3 



a 

> 
o 



a 



43'5i38*4 



55*6 47*9 425 
56-8 49-1 43-8 
57 o: 49-4! 44-3 



366 

377 
38-3 



7 58-5 
9 58 6 

555 
580 

569! 

57'3l 
7 597 
4 603 

3 590 

9 586 
61 596 



547 477| 43 
549 47 5 42 
40 

42 

539. 462 41 

46-5: 42 

479 43 

44' 



520' 447 
54*3! 465 



62*4 
62-2 
615 
6i*3 

59*5 
61 -6 

596 

599 
607 
613 

613 
615 

60*6 

622 

6r'2 

6o'5 

6o7i 

I 

581 



61-4 
612 
6^7 
6o-^ 

58-5 
60 9 

58-8 

59 4 
601 

610 

6i'o 

60-9 

607 

62 I 

618 

6o'4 

6o'9 

57*1 



53-8 

557 
56-1, 48-1 

553:471 43 
550. 470 42 

556: 47'5 42 



238-1 

7 37'o 

2347 
2 36*6 

2 36*1 

37*2 

37*9 

382 

4;.U7 

5|367 
41363 



57-3; 
57'2| 

5671 
56-2| 

547: 
564 

55*2 

55-8 

5661 

58oi 

58-2 

5H1 

58-1 

58-4 

59' » 
57'o 
579 



487: 
489 
484 

479| 
468 

48-2' 

47-2; 

48-0 

487 
50- 1 

50*0 

50-8 

50- 1 i 
506, 

521, 
4981 

5I-2| 



44*3 38-3 
441 38-2 

440;38-o 



43'3 
425 

43*4 



37*4 
368 

37*4 



430|37*3 

43*5|37'9 

44* < 384 

45i|39'4 

45'2|39i 
47'o'4i*o 

45'6i39-6 

45939'9 
47-8i42-3 
456 40-2 



47-> 



54' I 468 41-9367 



41-8 



39*1 44-2^ 505 56-1 57 6 56-8! 

39'8i44'3!50'3 55'6 5861 57-91 
39'0i44 505:560, 58-3:57-5 



41-2 417 455 



409 
41-1, 

431 
41-6 

40-2 

4«*3 
41-0 

41-8 

41-6 

41-1 

43*0 



41-8 462 

42*3! 467 
43'8;47-3 
424 46-4 
41-6 46*0 
41-9 46-6 
41-9' 45-8 
43'3i476 

42-5j46-3 
42-41 46-3 

437 469 



41 I 422 
42-0 427 



513 

5201 

529 
52-9 

52-0 

522 

532, 

5i'5 

53"3l 
52-1 

5-2-4 
521 



56-7 592 588 



573 
582 

57-8 

57'^ 
576 

5«-5 
56-7 

587 
577 
57*9 
57*5 



59*2 
hi'i 
6 3-3 

5/4 
6o"o 

6o'7 

594 
611 

6,)-4 

6j 4 

599 



58-^ 
6071 
6vv8 

59-4| 
59* ' 1 
59*4 
59*3 

60 1 
6i)-(» 

59 9 



53*8: 
55 I 
54* I 
56-2 

56-0 

57-51 
58-3 
36-8 

55*8, 
554; 

5^>9, 
36-9 
57'^, 



468 



42*2 



48 2 43-6 
463 42-2 



377 
38-3 
366 



499 46-0! 1 1 -4 



49*2 45' 
50-6 46" 

52-5 48' 

507: 47' 

4^*7' 44 

48-5 44 
30- 1 ^6 

5'^*9; 47 
5''*5i 46 
5'>'5!46 
3 ''7 48 



2 ?9*Q 

3 to 6 

8439 

2U1-8 
Si^9-i 

7i^9*i 

3IM-3 
01 J I -9 

6141-8 

541*2 

2 ,3-8 



46-1,517 567 5S2 574 

46-3152-2 57-6 599 5s 8 

423 42-8,45-8 509 563 58- 1 579 

i J ' ' ' ' ■ 

43-4; 43-2' 44-6 479 s^ -4 57*6 6o-8 61 4 



34 5 4'^^'3 4f'",3'9*8 
55*5, 492 457]4f>-9 
5r8;4<jo 45-9141-3 



'^»^4^59*4i SJ-o 40'.V44'2 



u 



47'5 

476 
480 
48- 1 1 

477I 
47 4 j 

44 7 
469 
46-2 
466 
48-5 

489 

47*8 

47*3 
475 

492 
492 

487 

483 
472 

486 

47 5 
479 

487 
492 

493 
500 

493 
500 

508 

49*3 
50- 1 

467 

468, 

474 
466 

49 I 

488 
40*9 
5'*» 
497 

487 

492 

5'>5 

49*9 

49*7 
5(>"6 

48-4 

494 
490 

51-5 
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TABLE VL-Mban Belatiti Huviditt at 9 a.x., 1881-1890. 



Station. 



Enoland, NK. °/c 

Scarhoroagh 91 

England, E. 

Hillington 

Somerley ton 

Lowestoft 

Midland Countijw. 

Wakefield 

Hodsook 

' Bnxton 

Belper 

Oheadle 

CharchRtoko 

Burghill 

H0R8 

Cheltenhnm 

Kenilworth 

ARploy Guise 

Enoland, S. 
Upgeut's Park .... 

Norwood 

Gn»ydon 

Boddington 

Marlborongh 

Stratbfield Targiss 

Swarraton 

Haiestock ' 90 



p 
a 



92 
89 
91 

91 
90 

92 

9^ 
92 

89 

92 
90 
90 
90 

94 

89 
90 
90 

91 
93 
91 



.0 



fo* 



Southampton . . . . 

Margate 

llaniRgato 

Brighton 

Worthing 

Portsmouth 

Ventnor 

Soutliboume 

Weymouth 

ScOTIiAND, W. 

Scaleby 

England, N.W. 

Seathwaite 

I Blackpool 

I MacdesQeld 
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RAIN DR0;P8. 

By E. J. LOWE, F.U.S., F.li.Met.Soc. 

(Plato X.) 



[Received March 15th.— Bead May 18th. 1892.] 

During tho past twelve mouths rain drops havo bocn sketched at Shirenowton 
Hall, near Chepstow, at a height of 580 feet above the sea. 

Sheets of slate in a book form, that could be instantly closed, were 
adopted. These were ruled in inch squares, and after exposure the drops 
were copied on sheets of paper ruled like the slates. 

Whether at our height above the sea the drops differ from those flailing 
near the sea level has yet to be tested. 

These diagrams (more than 800) have disclosed a number of interesting 
facts as regards the variation in size, form and distribution ; and a few of the 
more interesting have been selected in illustration (Plate X.). 

Some drops produce a wet circular spot ; whilst others, falling with greater 
force, have splashes around tho drops. 

The same sized drop varies considerably in the amount of water it 
contains, some of tho drops on tho slate are nearly flat, and others more or 
less spherical ; the former cannot be shaken out of form, whilst the latter 
would scatter tho water over the slate. 

The size of the drop ranges from almost an invisible point, to that of a 
patch at least 2 inches in diameter, and this increase in size does not always 
depend upon increased heat. 

A shower mostly contains drops of two or throe very different sizes. 

The distribution is extremely irregular, though sometimes there is 
method in this irregularity. 

Occasioually large drops fiill that must be more or less hollow, as they fail 
to wet the whole surface enclosed within the drop. 

Incidental drops are notched on the edge. 

The mamier of grouping is extremely varied. 

The ordinary shower is very irregular in distribution. 

The feel of the falling drop is deceptive, as a greater force of small drops 
gives the sensation of being much larger. 

Besides the ordinary rain drops, the diagrams show the drops produced 
by a mist floating along tho ground, and also the manner in which snow 
flakes wet the slates on melting. 

I may mention that we have no dense mist, though clouds are often close 
to the ground. 
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Description of the Diagrams (Plato X.). 

Figure 1. 1891, May 14, exposure 10 seconds. Singular grouping and 
an absence of small drops. Barometer (uncorrected) 29-6 inches. Tempera- 
ture 52°, but rapidly lowered to 87°. 

Figure 2. 1891, December 14, exposure 5 seconds. Very varied in size 
and distribution, but not uncommon. Barometer (uncorrected) 29*0 inches. 
Temperature 40°. 

Figure 3. 1891, May 29, exposure 10 seconds. This was the commence- 
ment of a thunderstorm. The largest drops measured 2 inches in diameter 
and were from 6 to 8 inches apart, the smallest were 1 inch in diameter and 2 
to 8 inches apart ; a portion splashed. Barometer (uncorrected) 29*2 inches. 
Temperature 68°. 

Figure 4. 1891, August 27, exposure 5 seconds. In a thunderstorm, 
some very large drops, clustering ; scarcely any splashing. Amongst the 
drops were some with marginal notches. Drops fell at different angles and 
directions, producing long narrow lines on the slate. 

Figure 6. 1891, August 81, exposure 1 second. Wind rough, clouds on 
ground. A groundwork of minute drops, with clusters of larger drops, and 
a few still larger single drops, or in pairs. Temperature GO", wet bulb 59^-1. 

Figure 6. 1891, September 21, exposure 15 seconds. Hough North- 
west wind. Singular grouping of small drops. 

Figure 7. 1891, October 16, exposure 1 second. During a violent 
thunderstorm with rough wind, driving the drops almost horizontally. Some 
hail. A network of moderately large drops, and groups of very largo drops. 
The long drops in Fig. 7 were deposited upon a flat surface. The drops in 
this position were much fewer in number than on a slate held vertically. 
Barometer (uncorrected) 29*0 inches. Temperature 52°. 

Figure 8. 1891, December 15. Very varied in size, the larger drops 
only partially wetting the slate. Temperature 47°. 



DISCUSSIOX. 

Mr. Bayaud said that the natural result of rain drops falling upon a hard 
substance like slate would be that they wou.M spread out and so appear to be 
larger than they actually were. It was hardly correct to say that a rain drop 
was a certain size from measurements of the area wetted by the drop when 
falling. 

Mr. Symons said that JVIr. Lowe was not quite accurate in saying that rain 
drops two inches in diameter fell ; what he really meant was that the drops were 
that size when spread out upon the slate. 

Mr. Latham considered that the paper should not be too severely criticised, 
as it was by means of papers of this description that matters of common observa- 
tion were placed upon permanent record. 

Mr. Marriott said that he agreed with the remarks which had fallen from 
Mr. Latham concerning the value attaching to this paper, lie thought that it 
would have been very interesting if the temperature of the falling rain had been 
observed. The late Mr. George Dines was. he believed, one of the few persons 
wbo had made such observations, and he haa found that the temperature of rain 
was rather high. By means of the hail gauge, devised by Prof. Colladon of 
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Geneva, wliicli was shown in the Society's Exhibition in March 1888, and 
subsequently preKeiited to the Society by Dr. Marcet, he (Mr. Marriott) had 
secured three observatiouH of the temperature of falling hail, and had been much 
surprised at the results obtained. These observauons were made at Norwood, 
and were as follows :— 

May 15, 1891 ... ... sf-O 

rr 9 W •** ••• %M%J M 

April 27, 1892 27-9 

There were two interesting features about the hail on the last named day — 
one was that several stones picked up were composed of seven smaller stones, 
six being frozen round a central nucleus, much resembling a snow crystal ; the 
other feature was that some of the stones were of a pyramidal shape, the apex 
portion being clear ice, and the base portion being opaque. The question of the 
formation of hail was a very interesting problem ; hail certainly was not formed 
at any very great altitude above the earth's surface, as thunderstorms often did 
not extend to a greater elevation than 3,000 or 4,000 feet above the ground. 
Tlie usual rate of decrease in air temperature was considered to be 1° for each 
300 feet above sea level ; it therefore followed that when hail was formed the 
temperature in the thunderstorm cloud must be reduced very considerably below 
the normal temperature of the air at the elevations mentioned. The alternate 
layers of clear and opaque ice which were frequently found in hail stones were 
probably due to the manner in which the stones were whirled about in the course 
of formation. 

Mr. Tkuh' thought that the paper was a very suggestive one, although the 
method adopted was simple. There appeared to be more water in the drops at 
one time than at another. It was known that electricity played an important part 
in the coalescence of drops, and that soap bubbles could be caused to coalesce by 
means of very slight electrical iuHuence. Mr. Shelford BidwelFs experiment 
showing the electriHcation of a steam jet was another instance of the eficct of 
electricity on the coalescence of the water particles in a cloud. The relation of 
electricity to the subject upon which Mr. Lowe had written was worthy of 
investigation. 

Mr. WiiirrLE thought that the method adopted by Mr. Lowe was a very 
rough one. Chemically prepared paper might have been used with much more 
satisfactory results. 

Mr. Sco'iT said that a [dan for recording the size of rain drops suggested by 
Mr. Wlupi)le had been proposed some years ago. It consisted of an apparatus 
in which a strip of chemically prepared paper was moved by clockwork pasta 
wide opening in such a way that the rain should fall upon the paner and the 
stains left by the drops could be afterwaids measured. Ue did not know 
whether such an arrangement was ever really carried out. The form of hail- 
stone described by Mr. Marriott did not appear to be very uncommon, as stones 
somewhat similar had been figured in books, especially by Padre Sanna Solaro, 
S.J., in the Annmure de la Soc. Mct,^ Paris^ for 1863. He was not disposed to 
think tliat thunderstorms usually occurred at so low an elevation above the earth's 
surface as IVom 3,000 to 4,000 feet ; in fact the late Professor Dove had main- 
tained that thunderstorms frequently crossed the Alps. The average rate of 
decreiise of temperature with altitude — 1° for every 300 feet — was only con- 
sidered to apply to a calm condition of atmosphere. When the atmosphere was 
in a disturbed condition, as was the case in a thunderstorm, the difference in 
temperature between the upper and lower edge of a cloud was often considerable. 
MM. Barral and Bixio, in their famous balloon ascent from Paris in 1850, had 
experienced a wonderful difference in temperature when passing through a thick 
cloud bank at an elevation of 18,000 feet, the temperature of its upper edge was 
— 40"F., corresponding to the freezing point of mercury. 

Mr. Symons said that an arrangement similar to Prof. Colladon's was de- 
scribed in British Rainfall for 18G8, pages 10 to 12 ; there were also papers on 
the subject by Mr, G. Dines and Mr. T. Stevenson (with engraving) in tlie 
Metcorolofjical MatjazinCy Vol. XII. (1877), pages 77 and 86. As regarded the 
use of chemically prepared paper for recording the drops of rain, he believed 
it was suggested by M. Herv6-Mangon. 
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Mr. Dines .«Aid that he did not believe in hollow drops of rain, neither did he 
think that such a drop would form a ring of water on the ftlate. A tennis hall, 
when flattened out, still had a fair amount of material left in the central parts, 
although not so much as there was near the edge. 

Mr. Inwards said he found it difficult to understand how a ring of water 
could be made on the slate by the fall of a spherical drop. He suggested that 
the incomplete spots might have been caused by the fall of a partially melted 
hailstone, which the observer had failed lo notice, and which had shaken off the 
moisture adhering to it on conning into contact with the slate. 

Mr. Gkeatiikrd suggested that the explanation of the rings and imperfect 
spots ma^le by the rain on the slate was, perhaps, that the slate had in some way 
become greasy. It seemed, however, possible that a rain drop, in its passa^^e 
through a foggy atmosphere, might acquire a coating which would render 
adhesion irregular. 



LEVELS OF THE RIVER VAAL AT KIMBERLEY, 

SOUTH AFRICA, 

With Remarks on the Rainfall over the Drainage Area. 
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[Received March 3rd —Read May 18th, 1802] 

RivRR and rainfall observations are now fortunaU^ly extending, and it 
may bo hoped that the time will arrive when wo shall not Iw so ignorant as 
we now are as to the extent of the rcsourcos available from those supplies 
for reservoirs and fountains of water, which arc so valuable in many parts of 

the world. 

The subject of this paper is a diagram of the comparative levels of the 
liiver Vaal, South Africa, taken at the intake of the Kimborley Waterworks 
from July 4th, lft86, to April 26th, 1891, with a record of a high flood occur- 
ring in 1880, contributed by Mr. R. H Twigg, M.Inst.C.E., F.R.Met.Soc, the 
consulting engineer to that undertaking. From this diagram the heights 
given in the present paper have been tabulated. 

In connection with Uio above the tables of rainfall for the same period, so 
far as thoy exist, down to the end of 1890, have boon extracted by mo 
from the lieporis of the Cape of Good flof^e Mdeorologual Commission, 
the monthly rainfall only being given. The stations at which records have 
been kept are by no means so numerous, nor aro the records so complete, as 

could bo desired. 

The greatest length of tlie drainage area of the River Vaal, above the 
intake of the Kimborley Waterworks to tho Klipstad, is nearly 400 miles, 

HKW BKKIBS, — VOI^. XVlU, T 
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while the greatest width, at the Mont aux Sources, is over 200 miles, and 
the drainage area included within the lino of watershed must be some 48,000 
to 44,000 square miles. 

Such data are very interesting and important, and the engineer and 
meteorologist are mutually indebted to each other for their collection. In 
the present case, however, they are not sufficiently complete to enable us to 
arrive at an accurate comparison of the volume of water flowing down the 
river to the amount of the rainfall, as they are deficient in some import- 
ant particulars. In the case of the observations of this river, what is farther 
required is — 1. An accurate cross- section at the point at which the gangings 
were taken, from which the areas at different heights could be calculated : and 
2. The velocities of flow at various levels, or such sections and data as might 
enable these to be deduced. Until these are furnished we can only obtain 
a general idea of the flow of the river. The information obtained is, 
however, interesting and important as a record, and the further river 
observations required could be subsequently obtained and the total flow 
calculated with such accuracy as attainable from the weekly observations. 
It may be remarked, however, that considerable fluctuation may have 
taken place within the weekly intervals which are not given in the tables. 

It is otherwise with the rainfall, the blanks in which cannot now be 
supplied, if not already in existence ; the daily records of such stations as 
exist would give additional information of importance as to the fall in re- 
lation to time, (&c., which is an important factor in determining the propor- 
tion of flow ofl* the ground, and as giving the rate of propagation of the 
floods down the valley. 

I remember hearing, when I was in South Africa, that the engineers 
engaged on the Kimberloy Waterworks could obtain intelligence of advancing 
floods, in some cases as much as a fortnight before their arrival, and could 
consequently take precautions beforehand. (See Phil. Soc, of Cape Town, 
November 29th, 1882, my paper on the river Buflalo.) 

The records of some 14 rainfall stations, which appeared to be those most 
important both as regards their perfection and as being those most widely 
distributed in the neighbourhood of the drainage area, have been extracted, 
and these constitute tlio most important information available ; some of them, 
however, are only fra^iuontary. 

The geological and physical features of the drainage area are also of im- 
portance HI determining the relation between the rainfall and its flow off the 
ground, and any information on those would be uitcresting. The persistently 
level character of the strata in many parts of South Africa has been often 
observed as giving rise to lacustrine formation. Having examined the 
longitudinal declivity of the valley of the River Vaal, by the aid of the tables 
of altitudes of places in South Africa collected by the late Mr. J. G. Gamble, 
F.R.Mct.Soc, I find that the rise of the River Vaal must be very slight for 
a long distjinco, some hundreds of miles in fact above its junction with the 
Orange River; and from information now given by Mr. Twigg it appears 
that near Kimberley the river forms a series of lagoons and rapids, and Mr, 
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Twigg considers that from this circumstance an estimate of the discharge 
would be exceedingly diflScult to obtain, and the flood levels must not be 
assamed to indicate its volume by any usual formula. 

An inspection of Table I. shows that the Hoods rise and subside rapidly 
like great flood waves ; the suddenness of the occurrence of these floods, in 
my opinion, also corresponds with the general experience on other rivers 
in South Africa, and arises from the rapidity with which the waters flow off 
the lands owing to denudation of forests, Ac, and the large areas contained 
within the watersheds. 

The rainfalls, it will be found, do not in all cases account for the fluctua- 
tions shown on the Table diagram, and it will be seen that there is at present 
a complete absence of records of the meteorological events occurring in the 
Drakenberg range ; and it is suggested that the attention of the various 
governments in South Africa should be called to this deficiency, not only as 
affecting a scientific question, but as being one of which the discussion may 
prove of material benefit. 

The River Vaal forms one of the principal feeders of the Orange River, of 
which the whole drainage area may be estimated at over 400,000 square 
miles, about a quarter of which lies above the junction between the Orange 
and Vaal, the greater part of this latter portion being over 4,000 feet above 
the sea-level, the Mont aux Sources reaching 10,000 feet, and the Cathkin 
10,J560 feet, these being two points in the Drakenberg range forming the 
main watershed of South Africa. This upper portion must be by far the 
most important section for keeping up the flow of the Orange River, as over 
the remainder of the drainage area the rainfall is very inconsiderable, im- 
mense tracts being practically rainless, and exceeding 10 inches in only a 
narrow strip of the eastern part, while over those portions lying above the 
previously mentioned junction, the annual fall may average over 20 inches, 
the amount increasing towards the head waters of the river. The fall is 
still greater on the eastern side of the Drakenberg range, a fact which 
doubtless deprives the western drainage areas of a large portion of the mois- 
ture which would otherwise reach them. 

The division immediately under consideration fonns, of course, the upper 
part of the drainage area of the River Vaal, the main artery of which 
takes its rise in the Klipstad Mountains, which attain an elevation of 6,020 
feet above the sea. The general distribution of the rainfall throughout the 
year in these parts is such that the principal fall takes place in the summer 
from January to Miuch, and in tlie spring from October to December ; 
there is ordinarily a drought from about April to September, although these 
conditions are often more or less departed from, and winter rains when they 
occur are much prized. 

This distribution of rain is to be noticed both in the rainfall tables, and 
as a consequence in a very marke<l degree in the river table, there being a 
marked porio<l of floods and fluctuaticms at a comparatively high level from 
about the end of October to the latter part of April, lasting about 6f months ; 
Mid a period of quiescence, during which the rivor steadily falls, with very 
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Blight fluctuations from about April 19th to October Slat ; or aboat 6 
uionthB 12 dttys, on an average of the dates assumed in the present obeerva- 
tions, as being tlioae of transition between the dry and flood seasons. 

There is a note on tlie diagram that in 1880 thnro occurred the hi^eat 
flood of \>liic!i ;iiiy iiuiitiuij is made, rising to within 4 foot of the engine room 
floor, or to 52-50 fuel above the zero of the gauye. Tlie highest levcU 
suhaoquently recorded were 44-75 feet on Fobrtury 25th, 1881, and 50 feet 
on January 2ith, 1891 the lowest being 325 feet on November t4th, 
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TABLE I.— BisE AMD Fall of the Biver Vaal at Kimherlbt, July 1883 to Apbil, 1891 

(Continued), 
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NoTB. — The figures given above are the actual heights of the river as taken, the 
heights referred to in the text are approximate only, being taken by scale from a 
diagram. 



1890; the recorded range being therefore (62*50 — 8*25=49-26 or) nearly 
50 feet. 

The two longest rainfall records are those kept at Kimberley, of which 
1875 is the first complete year, and at Bloomfonteiu begun in 1879. The 
wettest recorded year at each of these stations was 1881, when 84*81 ins. 
were recorded at Bloemfontein and 80*80 ins. at Kimberloy. 
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"■33 






AngtMt ..,00. 


0-07 0-2J 0-69 


0-2I 2'23 0-55 


1-05 


2-39 


087 


0-46 


1-27 


s 


le 


Beptembut, 0-91 


[■i8| 174 1'25 


I-I5 1-22 


051 


0-93 


■■36 






0-8; 




October . . 






'39: 4' '5 




3-60 


356 


4-86 


2-34 






November 






0-65 032 


'■34 


■■58 


2-45 


1-60 


0-40 


0-31 




December 


170 


_^I„H_ 


°— 




2q6 


033 


404 




3''6? 


'■93 


4'45 




ToUlB.. 


.9-61 


i8'8s|i8-25 


27-92 


■ ■ 3774 


35-61 


31-51? 


24-50? 


21-45 ] ■■ 


Z 


.889. 


Ini.; Idh. 1 Ins.' InK. Ine. 1 Ins. 


"i^Z "i^l Iim. 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


Janturj 


i-aa 1-38, 2-zS, 1-37 i-jS 


4-86 


^'SM 3'9fi, 4'oH 


i-8e 


4-Z4 


3-31 


4SO 






ygo\ 2'S5 176' s'lM 1 1-37 


600 


2-67 s«5 188 


1-27 


2-68 


4-82 


69. 




Much .. 


1-571 ■■9a "79; o'O": 0-88 


3'5 


0-62 ro6 1-58 


1-61 


1-04 


339 


435 




April .... 


2-i>6 2-6g 1-56 2-00 1 3-52 


3'S 


i-6o' 403 




2'37 


2-32 


5 57 


4-'9 ^ 


Ma, .... 


o'li (.■34 0-29 0-82 


072 


.. o-iki 


o-i6 


0-31 




0-42 


o-3» 1 1 


June .... 




o>o6 


. . 1 0-13 












£ 


Julj ... 
















'■45 


^ 


Augurt .. 


o'lfii o-io 0-08; 0-14 o'6i 


171 


1-15 179 


o'33 


0-37 




0-41 


0-89 








I "39 


.. 1 1-75 


o'i7 








034 




October . . 


'■54 "3-40 5-06 1 3-83 


536 


5'Bi 


2-i6| 2-48 


4-85 


'■35 


1-88 


0-35 


359 






3-49; 3-36 1-76; 2S0 


437 


249 


370 4 'OS 


620 


446 


6-22 


137 


2-29 




DecsDiUr 


2-92^ 3'29 ''46 1 1-67 


i-6i 
ii-3i 


37' 
3305 


•■ 1 


2-43 
754 


2-47 
a2'39 


190 


2'48 




4-42 




Totals.. 


765 19-03 .5'y7 iS'17 


550 


2-i6 


2"^ 


3-25 




iBgo. 


lii«. ■ n^'~hi7 iiTn' 


In-. 


illH 


Ills! 


i..«y 


hiZ 


Inn. 


HiiT 


Ins. 


Ins. 


i^ 


J«,u»r, 


o-gi 171 ; 130 2-19 




.■67 




302 


3-32 








6-14 4-591 


Febmarj 


461 640 574. S'"9 


7-"5, 5'69 




8-08 


6-45 


374 






3'5 


309 


U»rch .. 


3J6, i-42 1-43, 2-i» 


yM 1 4'04 


i 


395 


036 


2-99 






I-2< 


2'17 


April .... 


17s 


45. 287 2-69 


2-43 3-61 


•d '-s* 


0-93 


.50 


"i 


T 




309 


May .... 


u-54 


075 , 075 


i-«8 


0-34' '-82 


5 


'5J 




2-69 








1*9 


Jane .... 


074 


i-iH I'oj 


167 


0-95 1 1-37 


i 


'33 


0-31 


0-6B 


i 






0-46 


July .... 


o'46 


o-ai 0-52 


0'83 


0-15 0-44 






071 


068 








Aognat .. 




0'03 1 




o-o6 0-13 


& 


1-52 


0-13 












September 






0-0 s 










O'os 




1 


0-82 


008 


October. 


1-5Q. i-Bu; r33| i'3i 


0'96| 1-94 




373 


0-87 


2'38 




1 


o-ig 


577 


NDvetuU'r 


1-76 174 1'45' "75 


117 349 




5-03 


4-22 


4-82 




!4-5* 


S'4 


December 


yi6\ 3'8o 3'59^ 3'66 


•■ 444 




399 




6-23 




! 2'80 


576 


Totals . . 


97S'25-Ij iroo|22'6i 


~28^ 




J'ijI •- 1 


^875 




.. U-90 


31-44 



25^ TIUPP — LEVELS OF iAtt BtVEB VAAL ni KlMBSttLfil^, dOl^Tli AFfttdA. 



TABLE IV. — Analysis of Rises and Falls or the Biver Vaal, coMf'AB&n with the 

Rainfall. 



Autamn and Winter Drongbts. 



Begun. 



1885 

Not 

given 



Ended. 



1885 

Sept. 6, 

249ih 

day 



Duration. 



Record not complete 



1886 
April 3, 
93rd day 



1886 

Dec. 4, 

338th 

day 



1887 

Jane 4, 

155th 

day 



1887 
Nov. 26, 

330*''> 
day 



1888 1888 

Hay ig, ' Oct. 14, 

139th I 287th 

day day 



1889 1889 
Mar. 10, Oct. 26, 



69th day 



1890 
Mar. 29, 
88th day 



299th 
day 



1890 

Nov. 14, 

318th 

day 



8 months i day 



5 months 22 days 



4 months 26 days 



7 months 16 days 



Remarks, Principal Flnctaations, 
Rainfall, Ae, 



Steady fall. Heii^ht 6'o ft. to 540 ft. 
In June i and July 5 stations were 
withont rain 



Steady fall from 7*0 ft. on April 3 to 
4*10 ft. Dec. 4. In May 6, June 4, 
Aug. 2 and Sept. 3 stations were without 
any rain recorded 



Nearly steady fall from 6'8o ft. to 375 ft. 
Slight rise in Aug., corrcspouding with 
rainfall, 1*29 in. at Lady Brand. June 
I, July I and Sept. 4 stations were 
without rain 



Fall from 8*30 ft. to 470 ft., with 
slight rises in beginning of Aug., cor- 
responding to rainfall of J uly and Ang. 
and rise in Sept. Good rainfall in 
many parts of the Drainage Area, but 
in June i, July 7. Sept. i and Nov. i 
stations were without rain, thore of 
July being in the lower parts of the 
area within the Watershed 



Long and steady fall from 5*60 ft. to 
4'6o ft. In May, June and July 2, 
10 to II stations respectively without 
any rain, and Sept. 6 stations 



7 mouths 16 days 



Long and steady fall, from 6*50 ft. to 
3*25 ft., the lowest point readied. In 
Aug. and Sept. 4 and 6 stations respec- 
tively with no rain. 




The year 1874 was remarkably wet in the eastern part of the Cape Colony 
and Natal. The Kimberley record is not complete for this year, which was, 
however, very wet, the fall for 5 months, January, February, March, April, 



• 
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TABLE IV. — Analysis of Rises and Falls op the Biveh Vaal, compared with the 

Rainfall.- Coniinued. 



Spring and Summer Floods. 



Began, j Ended. 



1885 I iSS^ 
Sept. 6 April 3 



Duration. 



1886 
Dee. 4 



1887 
June 4 



Really ended Apr. 3, 
after which very 
slight fluctuations 

6 months 27 days 



6 months 



1887 
Nov. 26 



1888 
May 19 



1888 1889 
Oct. 14 I Mar. 10 



1889 
Oct. 26 



1890 
Nov. 14 



3 montlis 23 days 



4 months 24 days 



1890 
Mar. 9 



5 months 3 days 



1891 
Record 
not com- 
plete 
after 
April 25 



Record not complete 



Remarks, Principal Fluctuations, 
Rainfall, &c. 



Sept. 20. Height 14*0 ft.'; considerable 
rainfall during Sept. in Upper and East 
part of Drainage Area. Lady Brand 
6*24 ins. in Dec. and Jan. Heavy fall 
in same parts. Deo. 7*93 ins. at 
Harrihmith. Jan. 6, 26 ins. at Kroon- 
stadt 



Slight fluctuations only. Floods on 
Dec. 13, 13*0 ft. and Jan. i, 11*60 ft. 
Heaviest fall occurred below the intake 
at Barkley in Dec., and at Vryburg 
2*22 ins. only in Jan. River higher 
also in March, April and May, corres- 
ponding with rainfall, 8*47 ins. Kroon- 
stadt in May, 4-17 ins. Bloerofontein 
in April, and in lower parts of Drainacc 
Area in May 



1888 wettest year in upper part. Murch 
'88 wettest month. Very high flood on 
Feb. 25, 44*75 ft., corresponding with 
high rainlall in Jan. and Feb. in East 
and North of Drainage Area. Floods 
of 26*5 ins., 26 -8 ins. in April and May 
respectively, probably both due to rain- 
fall of April in upper part of Drainage 
Area 



Very slight floods in Oct. and Jan. Rain- 
fall only 4-86 ins. at highest in Oct. and 
Jan., and not so high in intervening 
months. 



Very slight floods in Nov. Feb. and 
March. See remarks on Rainfall 



Highest flood recorded, except that in 
1880, on Jan. 24, 30 o ft. The rainfall 
for 1891 not available. 



and July having amounted to 20*53 ius., or nearly double the average. 
Tremendous floods were experienced in nearly all the eastern rivers, and it 
is very possible that the River Vaal may have then risen to a higher level 
than any here recorded. 



^ 
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The following connected account of the principal features of the river 
diagram, compared as far as practicable with the rainfall, may be interest- 
ing :— 

1885. TIic first height is taken July 4t1i, 1885, G feet above zero in the middle 
of the usual winter droughts. In June one, and in July five of the stations had 
no rain recorded. The river falls steadily to 5*4() feet on September 6th, when 
a sudden rise takes place in a riood of 14 feet on September 20th. September 
was a very wet month, at five stations the fall being 3 ins. and over, and at three 
stations over 4 ins, and being greatest at the eastern and upper part of the 
drainage area. 

1886. Floods again occurred in January 1886, corresponding to rainfall 
in December 1885 ; three stations having over 3 ins., two over 5 ins., and 
Harrismith 8 ins. in the eastern part. The highest riood of the season occurred 
on March 15th, 188G, height 19*70 feet. March had seven stations with 3 ins. 
and over, five over 4 ins., two over 5 ins., and one over 6 ins. of rain, out of eight 
stations of which records arc given. The riood season may be said to conclude 
on April 3rd, having lasted G months 27 days. 

The droughts commenced on April 3rd, 1886, at a height of 7 feet ; then 
occurred a slight riuctuation in May. After May 23rd tliere was a steady fall to 
4*10 feet on December 4th, the total duration of drought being 8 months 1 day. 
In May, six, in June, four, in August, two, and in September, three stations had 
no rain registered. 

The flood season commencing Decefnbcr 4th has recorded very sligl:t floods 
only, the highest beiug on December 13tli of 130 feet. In December there were 
eight stations witli 3 ins. of rain or over, and five stations with over 4 ins.; but 
these occurred at the lower stations chiefly. 

1887. Small floods also occurred in Marcli, April, and May, corresponding 
with rainfall at Kronstadt 8*47 ins. in Marcli, Hloemfontein 417 ins. in April. 
That of May was chiefly in the lower part of the drainage area. The flood 
season terminated on June 4th, 1887, having lasted o months. 

The drought of 1887 la.«ited 5 monlhs 22 days, with a nearly steady fall from 
6*80 feet to 375 feet on November 26th. There was a slight rise in August 
corresponding with 1*29 in. rain at Lady Brand. In June one, in July one, and 
in September, four stations were without rain. 

The floods of 1887 histed for 5 months 23 days, and ended May 19th, 1888. 

1888 was the wettest year in the accompanying record, in the upper part of 
the drainage area. Lady Brand, Harrismith, Kroonstadt, and Iloopstadt. March 
1888 was the wettest month at the eleven stations witli records, the mean fall 
amounting to 5*49 ins., and over 3 ins. fell at each station, nine having over 4 
ins., eight over 5 ins., and five over 6 ins. January and February were also wet 
months ; in the latter month at nine stations the tall was 3 ins. and over, at five 
4 ins. and over, and at one over 6 ins. 

A very high flood occurred on February 25th, 1888, height 44*75 feet, being 
the highest but two recorded. April was also a wet month, and floods of 26*5 
feet and 26*8 feet occurred in April and May respectively, perhaps both due to 
the heavy fall of April in the upper part of the drainage area. 

The drought of 1888 lasted only 4 months 26 days, from March 19th to 
October 14tli, during which the river fell from 830 feet to 470 feet, with slight 
rises in August and September, which is accounted for by good rains nearly all 
over the drainage area. These are the least severe droughts recorded in the 
present data, but June, July, September, and November had respectively one, 
seven, one, and one stations without rain, those of July being in the lower part 
of the drainage area. 

The flood season of 1888 commenced with a sudden rise to 14*75 feel on 
October 21st, this being the highest flood for the season, during which the river 
exhibited very few and slight fluctuations, even falling at the end of December 
to 5*20 feet, and the highest rise, except tliat given, was 9 50 feet on January 
19tli. Tliis again is accounted for by the rainfall having been so slight in 
November and December 1888, and the fall in January was not by any means 
great for that season. The date assumed for the termination of the flood season 
is March lOtli. 
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It may liere be remarked, however, that there is much less difficulty in tixing the 
commencement of the Mootl season than its termination. As is common in rain- 
fall observations, an excess comes on with violence and gradually dies out with 
a drought, which is of longer continuance and less marked character. I 
have, however, assumed such a date each year for the transition from flood to 
drought as seemed to him most likely from an inspection of the diagram to be 
the true one, but it is possible that others might in some cases fix a slightly 
different date. About the commencement of the flood season there can be, he 
considers, no doubt. 

The year 1889 was oTie of the driest herein recorded, particularly in the upper 
part of the watershed. In May, June, July, and September, there were respectively 
two, ten, eleven, and six stations respectively out of thirteen with no rain, and as a 
consequence the river exhibited a long and steady fall from 5*60 to 460 feet on 
October 20lh, when the dry season ended, having lasted 7 months 16 days. 

The floods were very slight in the 1889 season, the highest being 10*70 feet 
on November 3rd and 10th. Slight rises of 940 feet and 840 feet occurred also 
in February and March, while on January 18th the river sunk to 4*40 feet, or a 
lower point than that at the end of the preceding dry season. 

In 1890 it is, however, somewhat surprising that the floods of February and 
March were not more conspicuous, as February was one of the wettest months 
recorded, the mean at the eleven stations with records being 5*38 ins. and all the 
stations had 3 ins. or over, eight had 4 ins. or over, seven 5 ins., four 6 ins. or 
over, and one, Lady Hrand, over 8 ins. It is true that at the uppermost stations, 
Kroonstadt, Uietfontein and Johanesburg, the fall was only 3 ins. and over, and 
many of the higher falls occurred at the central and lower stations, and we do 
not know how tite falls occurred; if in gentle showers. muchofitm:iy have 
becMi absorbed. Still tiiis is the portion of the observations wliicli appears most 
to require explanation. 

It is quite possible that the lagoons above alluded to may have been much 
depleted by the droughts of 1889, i^c, and much of the sunnner fall of 1890 
may have been absorbed in refilling them, thus accounting for the slight eleva- 
tion of the floods registered at Kimberley. 

The date assumed for the termination of the flood season is March 29th, this 
being fairly well deflned ; duration 7 months 16 days, same as last year. 

After the droughts of the latter part of 1888, the whole of 1889, and the very 
slight floods of 1889, it is not surprising that the droughts of 1890, lasting 7 
months 16 days until November 14th, were the lowest recorded, exhibiting a long 
and steady fall from 6*50 feet to 8*25 feet, which is the lowest point reached on 
the diagram. 

Out of eleven stations with records there was no rain at one station in May, at 
one in June, at one in July, at four in August, and at six in Seutember. 

1891. The flood season 1890 91 is incomplete, the recora terminating on 
April 25th. The report of 1891 of the Cape Commission is not yet to hand, 
consequently the amount of the rainfall is not at present available. 

N.B. — The figures quoted above as being the heights of the river are those 
scaled from a plotted diagram and are approximate only, whereas the figures 
given in Table I. are tlie actual heights taken weekly. 

The highest fiood rocordod, except that of 1880, was measorod at 50*25 
feet on January 24tb, 1891. 

The river flactiiations may be summarised as follows : — 

Moderate floods 1885 to 1886. 

Slight floods 1886 to 1887, 1888 to 1889, and 1889 to 1890. 

High floods 1887 to 1888, 1890 to 1891. 

Lowest drought 1890. 

Shortest drought 1888. 
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TABLE III. — Bainfall at Durban Observatory, Natal. 



Months. 



Ins. 

477 
2-32 

2-91 

2*22 

I'OO 

0*26 
0*03 
o'6i 
10-43 
275 

315 
December 1 4*03 



January 
February , 
March . . . 
April . . . . , 
May . . . . 

Jane 

July 

August .. 
September 
October . . . 
November . 



1886. 


1887. 


1888. 


1889. 


1890. 


Ins. 


Ins. 


Ins. 


IQ8. 


Ins. 


304 


4*28 


5*59 


836 


»93 


655 


3*54 


505 


4*97 


479 


305 


3*55 


5-45 


2*01 


2*01 


400 


3*41 


2*18 


1-49 


800 


218 


4*26 


3-91 


2*42 


05 1 





074 


0*50 


0*23 


0*30 


313 


080 


0-85 


0*17 


O'lO 


0-50 


376 


115 


I '26 


0*64 


086 


1*35 


4*45 


1*10 


1*09 


055 


1-41 


4*10 


4*06 


531 


479 


3-05 


1*34 


1-95 


3 '55 


3*14 


172 


362 


1-52 


4-68 






W. 


D. 




3179 


31-87 


38-19 


2954 


32-91 



It has boon considorod intorosting to includo tho rainfall at Durban, 
Table III., from which it will bo soon that 1888 was the wottost, and 1889 
the driest year daring tho period under discussion, thus so far agreeing 
with tho records nearer tho drainage area. It is to be regretted that no 
records are available of the rainfall of Natal, in the vicinity of the Drakcn- 
berg range, though it would appear probable that such may exist. 




DISCUSSION. 

Mr. Twi(;g said tliat he had sent the diagram of levels of the River Vaal, upon 
whicb the paper was based, to the Society, because he thought that it was well 
within the province of the Societv^s work to collect and discuss such information. 
The rapid rises in the river which the diagram exhibited must not be understood 
as representing anything wonderful, as it i» on record that in Australia a river 
has risen from zero to 200 feet. The increases in the level of the river Vaal 
were due to a large, but not phenomenal, rainfall spread over a ffreat area of 
country. The rainfalls, which so greatly increased the volume of the Vaal, pro- 
bably little exceeded falls experiencea in Cumberland. The difference in the 
effects produced by such rainfall in this country and those produced in South 
Africa was entirely due to the vast difference in the area over which the rain fell, 
the great length of the flat portion of the river, and the steepness of the small 
tributaries that collect the rain f.'dling on the Drakenberg range of mountains. 
As regarded the rainfall records in South Africa, he had, after a careful investi- 
gation, come to the conclusion that there was an unmistakable coincidence 
between the amount of rainfall and the sun spot cycle, and that periods of maxima 
ramfall in one district coincided with minima periods in other districts. 

Mr. Ckossc said that there was a great difference between the annual distribution 
of rainfall in Cape Town and the Transvaal, the rainy season at one place nearly 
corresponding with the dry season at the other. The watershed of the Kiver 
Vaal was very sparsely populated, and consequently the rainfall stations were 
few in number. There was a great absence of trees throughout the district and 
altogether very little vegetation to absorb the moisture deposited, so that the rain 
which fell ran off the surface of the earth pretty rapidly, and swelled the volume 
of the river. 

Mr. Symons said that the paj)er was a very useful one. There was little doubt 
that more inf'onnation concerning the meteorological conditions of South Africa 
was urgently required, but, as was too often the case, the necessary funds were 
not forthcoming. High Government officials appeared to regard money speut in 
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meteorological investigation as money ill.spontf whereas it frequently happened 
that such information was worth from ten to one hundred times the outlay in- 
volved in obtaining it. 

Mr. Tripp, in reply, said that the effects of the comparatively small rainfall in 
raising the level of the Vaal were chiefly due to the immense area drained by 
the river, and also to the fact that the country was almost denuded of vegetation, 
and the ground being very dry the rain which fell ran oflf quickly. 



Results of a Comparison of Richard's Anemo-Ginemographe 
with the standard Beckley Anemograph at the Kew 
Observatory. 

By G. M. WHIPPLE, B.Sc, F.R.Met.Soc, F.R.A.S.. Superintendent. 



[Received April 19th.— Read May 18tb. 1892.] 

Two vears ago Uio writer, being in Paris, was much interested in the pat- 
tern of Anemometer constructed by MM. Richard, of that city, and used by 
several Continental observers in preference to the Robinson Cups which are 
generally adopted by the English and American meteorologists. 

The now form of instrument is a modification of the old Whewcll fan, or 
windmill Viine, the change being in tlio shape of each blade of the vane, whirh 
is made oval, aixd fitted at an angle of 45^ to the axis. The vanos are said by 
MM. Richard to have been carefully calibrated, but no particulars of the 
calibration have been published by those gentlemen beyond tbo description 
given in their printed catalogue, which st-itos the construction of the fan to be 
as follows : — 

'* It is formed by six little wings or vanes of sheet aluminium, 4 inches in 
diameter, inclined at 45°, rivetted on very light steel arms, tlio diameter tf 
which is so calculated that the vane should make exactly one turn for the pas- 
sage of a metro of wind (Fig. 1). Its running is always verified by means of a 
whirling frame fitted up in an experimental room where the air is absolutely 
ralm, and, if necessary, a table of corrections is supplied.*' The recording part 
of the apparatus differs entirely from any other anemometer, and is called 
the AiiSmo-Cinei/iot/taphef and in principle as follows : — The pen, recording 
on a moveable sheet of paper, is lowered at a constant rate by means of a 
conical pendulum acting through a train of wheel work, whilst a second train, 
driven by the fan, is always tending to force it up from the lower edge of the 
paper; its position, therefore, is governed by the relative difierence in the 
velocity of the two trains of wheelwork, being at zero of the scale when the 
air is calm, but at other times it records the rate of the fan in metres per 
96Cond (Fig. 2). 
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The instramant was ran at. Kew continuouBly from May 22nd to NoTember 
12tb, 1601, bat since timt date paper had only been pat on in stormy 
weather. It was fixed with Uie fan on the same love) as the cnps of the Kew 
Anemograph, at about 10 feet distant from them horizontally. 




Fio. I. — Itirliurd'B Anfmo Cinfmographe. 

The vane, which keeps the fnn at right angles to the wiQ<l, was fonnd to 
require a wind of 6 miles an hour to maintain it in that position, and it was 
also foand thst the fan was less sensitive than the Robinson cups of the 
Kew instniment, wbieh move with a light breeze of 3 miles an hour. The 
recording train is worked by means of a Fuller's Bichromnto Battery of 
two cells which did not reqnire attention for two or throe months. 

The method of comparing the instrnmont was ns follows : — Rt^adiogs of 
the dials of the Richard Anemograph wore taken at various intervals, and the 
differences in thoir reoditigs by calculiition woie thou converted iiito milrs 
per hoar, and percentage of run altitincd wore deduced hv comparing them 
with the eorresponding run of the Kew standard as rend <iff liy the graduated 
scale fitted to it. 

The following is the result of nil the olisorvatinns : — 

MilcB )ier hour Iticliaril'H Ancmoumph Foclor for Richard ta 

Kew Siandard l'ciccnlup<> of Kew Slnndard ilivlnrml from cor res poiiil- 

Ifactor 8). Vsluc?. ing Kew Iteodmga. 

C 88 *2-(;4 
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HilcR per hour 

£e« SUadsrd 

(tBBlur 3). 



Faotar for Richard m 

dsduoed from aorreapand- 

ing S.CW Ilsadiniti. 

2-52 



2-62 
2-49 
2-49 
2-46 
2-48 
2-43 
2-48 
2-40 
2-40 
2-40 




Fill. 3.— Becording part ot Blchftrd'a ADGmo-Cincmi^rapbc. 

Moan viiliiea wore nlso obtained from tlio curvoa and coniparoil willi tlio 
values as obtainod from the scale readingo, villi tUo following rosnltfl, bolh 
Tallica bcinj; converted into miles per hour, 




S^ 11-0 

u^ IWI 

12-0 li-0 

13-3 12-0 

19^ lS-0 

25-0 M-0 

d^HS 20-0 

89-2 28-0 



49-5 50^ 



The enrrcf Aom that die rdodtj of the ^iad tarn he thj radii j raad 
off without difficnltT, die instrnmeBt •^•*n*tg anj velocity in m rerj few 
m ii ii rt fig from raii. and «o exhibiting the floctttation in wind liaree quite cleaiij, 
whiht the total nm of the wind lor an j d e aii e d interral of time can easily 
be read off by obeerratian of the whed work. 

The instmoient does not record the direction of the wind, MM. Eichard 
baring eonitnicied another apparatna Ibr that pnrpoee. 



DISCUSSION. 

Mr. WHimx, after the reading of the paper, entered into a minate descrip- 
tion of the principle and working of the Anemo-Cinemograi^ie eonstmcted by 
MM. KichaH Fr^res, and iUiuirated his remarks by references lo the instra- 
rn^fnt tUmlf (the exposed portion, consisting of the bum and rane with their 
rnrfchnnism, being exhibited to the meeting), and also by means of blackboard 
nkt^Uthffn of portions of the recording i^iparatns. He said that the Richard 
inHirufrumi gave a different valne to that registered by the Robinson cnpA, and 
he nmlcTstood that MM. Richard Freres were prepared to certify that the fans 
indicated the amonnt of wind which passed over them. His chief reason 
for bringing this comparison before the Society was because the ratios between 
the Robinson Anemometer and the Richard instrument were so diver^nt. 
Although the mechanism of the An^mo-Cin^mogn^e was delicate, and in 
spite of the fact that the recording apparatus was electricaUy controUed, the in- 
•tniment had worked uniformly well. If it was desired to record the velocity 
of every wind movement, the Richard instrument was undoubtedly a distinct 
a^lvantage over the Robinson Anemograph. The instrument was, however, of 
•iich delicate construction that it could only be placed in the hands of skilfol 
oliservers. 

TiiK PRRHIDRNT (Dr. WiLLiAMs) said that any apparatus which originated 
from MM. Richard Freres, of Paris, was sure to be ingenious and interesting. 
This An^'mo-Cin/fmographc appeared to work uncommonly well, and was of great 
itnportance when compared with the various instruments exhibited at the last 
mooting by Mr. Dines. 

Mr. MuNRo in(|nirod how quickly the instrument took up the velocity of the 
wind. 

Mr. WniPPLR stated that but a few seconds of time were lost by the instni- 
mont in picking np the actual wind velocity. 

Mr. MiiNUo said hiH ro^ison for making that inquiry was because many years 
a'^o ]w had adopted a similar arrangement to that utilised by MM. Richard in 
s )ino drawingH of a proposed anemometer which ho had desired. These 
drawinpfH wore shown to Sir Gcorfje Stokes and to the late Dr. Warren de la 
Kno, who much admired them, although the opinion was expressed that thQ 
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instrument would be tardy in taking up the actual velocity of the wind. The 
drawings of this proposed anemometer, which was designed upon the well- 
known Morin-screw principle, were also submitted to the Meteorological 
Council, with the view of an instrument being constructed, but the idea was 
ultimately abandoned. Some years afterwards Mr. Dines carefully studied 
these drawings, and gave it as his opinion that such an instrument would bo 
very slow in taking up wind velocities, so that the ciu-ve which the instrument 
would give must always be considerably behind time. 

Mr. Symons said that an arrangement for registering wind velocity identical 
with the Anemo-Cinemographe formed part of the Brontometer which had been 
constructed for him by MM. Richard Freres ; he could, therefore, speak from 
practical experience of the performances of this form of anemometer. He had 
converted the percentages contained in Mr. Whipple's statement of results into 
actual indications, and taking the factor for Bobinson cups as 2*4 and not 3*0, as 
had been done in the paper, he had found the agreement between the two ano- 
mometers to be wonder&lly close, the difference only amounting to tenths of a 
mile per hour, except at two velocities, when differences of 1 mile were recorded, 
as shown in the accompanying table. In fact, ho did not think any person 

Relative Velocity of Wind by Kew Standard AxEMooRApn and Richabd's Anemo- 

ClNEMOOBAPUE, REABKAMOED FROM Mr. WhIPPLE'S PaPER. 
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Velocity 
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14-4 


151 


+ 7 


1 20 


67 


i6-i 
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+ 7 


22 


7*3 
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34 
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27-1 
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120 


28-8 
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+ •4 


38 


127 


305 


304 


— '1 


40 


13-3 


320 


32-0 





42 


14*0 


33*6 


336 






would have expected such good results as had been obtained. He did not quite 
understand the remarks that had been made concerning the time which this 
instrument, or others of similar construction, required to take up the velocity 
of the wind they were exposed to. Retardation amounting to minutes had been 
spoken of, whereas his own experience of the Richard instrument was, that the 
amount of retardation certainly did not exceed four seconds, its action being 
almost synchronous with each rush of wind. This anemometer was really much 
stronger than it looked ; there was very little weight in the working parts, and 
consequently the momentiun imparted to the revolving fan was small. 

Mr. C. Harding, after referring to the difficulty he had experienced in inter- 
preting the figures given in the paper, said that the Richard anemometer 
recorded the actual wind movement, whereas the Kew anemometer cups revolved 
at a speed which had hitherto been supposed to represent one-third of the natiu*al 
movement of the wind. The residts of Mr. Whipple's comparison really 
afforded a good confirmation of the results of Mr. Dines's investigation into the 
question of the correct factor for Robinson cups. The factor 3 was now well 
known to be too high, and the question arose whether the time had not arrived 
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when the old factor should bo modified in accordance with the result of recent 
research. 

Mr. Dinks said he was very pleased to see the results of Mr. Whipple's 
work, as wo now had a direct comparison between the Kew instmment and the 
anemometer which was used in France. It was not very encouraging that Mr. 
Whipple should have obtained a factor of 2*40 for the Robinson, whereas recent 
comparisons at Oxshot of a similar character had given 2*10 as the factor. He 
thou<rht that there wore two possible explanations. MM. Richard had given 
no particulars of thoir method of calibration beyond stating that it had been 
done by the use of a whirling machine placed in a closed room. Now he (Mr. 
Dines) had had some experience in testing anemometers upon a whirling machine, 
and he had often tried the same air meter, both indoors and out, with the result 
that the indoor trials always gave a lower value than the outdoor, the difference 
often amounting to as much as 10 per cent. The fact was that it was impossible 
indoors to avoid setting up an eddy, and equally impossible to know how much 
to allow for that eddy. Dr. Robinson, in the account of his very careful 
experiments, had stated that his results were unreliable on this account. The 
result was that an instrument calibrated by indoor trials was made to give 
too high a reading, and he thought it probable, as MM. Richard had given no 
particulars of how they got over the difficulty of the induced eddy, that they had 
ignored it, and in consequence calibrated their instrument so that it gave too 
high a value. The other point was the exposure. He did not know on which 
side of the Robinson cups the instrument was placed. It was too light to afford 
shelter to anything behind it, but it would be sheltered by the cups, and possibly 
by the dome of the observatory, when the wind blew from them to it. Last 
summer and autumn there had been an overwhelming preponderance of South- 
westerly winds, and if the Richard instrument were to the north or east of the 
cups, it must have been more or less sheltered ; and this again would make the 
factor of the Kew pattern too high. This was no imaginary danger, for at a 
height of 9 feet above his own roof, he had found that the direction of the wind 
might make a difference of 20 per cent between two instruments placed 10 feet 
apart. With reference to the recording apparatus, he thought it a very great 
improvement upon the Beckley Anemograph. Mr. Munro, many years back, 
had proposed an arrangement similar in principle, but it had not been adopted. 
Without goin^ into details he might say that the pen was always approadiing 
its proper position ; when at a good distance off it moved towards it quickly, but 
the nearer it got the more slowly it moved. Sir G. 6. Stokes had compared the 
arrangement in a letter to him to a sluggish thermometer, which would give a 
true mean value, but would always be behind the real value. Wliether the 
lag was much or little depended upon the rate at which the clock turned the 
wheels, and certainly if an instrument were too sensitive, the result was a large 
blot upon the paper, instead of a trace, for every gale or strong wind. Mr. 
Whipple had stated that the cups turned with a lighter breeze than the 
Richard, and this would accoimt for the decrease of the percentage as the 
velocity increased, for he hod inviu-iably found that the instnuuent which turned 
with the lightest wind recorded the highest velocity during light winds. 

Mr. Whipple, in reply, said that the purpose of his paper was to show how 
nearly the factor 2*4 for Robinson cups agreed with the indications of the 
Richard An('inoCint*mographe. Another result of the paper was tliat it was 
now known how far the velocities recorded by French instruments coidd be 
compared with English values. The essential difficulty with velocity instm* 
ments was that the mechanism could never be arranged to take up wind move- 
ments instantaneously. MM. Richard were certainly right in assuming tliat a 
light aluminium fan is more sensitive than the Robinson cups, as it more closely 
follows varying wind movements. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

May 18th, 1892. 

Ordinary Meeting. 

C. Theodore Williams, M.A., M.D., President, in the Chair. 

Benjamin Ellis Coates Chambehs, Grayswood Hill, Haslcmere ; 
Robert Law, F.C.S., lioyal Mint, Melbourne ; 

WiLLL\M Allen Sturge, M.D., F.R.C.P., 29 Boulevard Dubouchage, Nice ; and 
Edmund Symes Thompson, M.D., F.K.C.P., 33 Cavendish Square, W., 
were balloted for and duly elected Fellows of the Society. 

Antoine d'Abbadie, 120 Rue du Bac, Paris ; 

Dr. WiLHELM VON Bezold, Koniglisches Preussisches Moteorologisches Insti- 

tut, Berlin ; 
Dr. Robert Billwiller, Schweizerische Meteorologische Central -Anstalt, 

Zurich ; 
Dr. Nils Ekholm, Meteor ologiska Central-Anstalt, Stockholm ; and 
Prof. PiETRO Tacchini, Ulficio Centrale Meteorologico e Geodinamico 

Italiano, Rome, 
were balloted for and duly elected Honorary Members of the Society. 

A letter was read from Mrs. Tripe acknowledging the vote of condolence 
passed at the last Meeting. 

The President announced that the Council had that day, under By Law 5, 
appointed Mr. F. C. Bayard one of the Secretaries in place of the late Dr. 
I^ipe, to hold office until the next General Meeting. 

The following letter was read : — 

•* The London Stereoscopic and Photographic Co., Limited, 

'* 106 and 108 Regent Street, W. 
" Dear Sir, 

•* I am requested by my Directors to acquaint you that at a recent Board 
meeting they decided to place the dark rooms of the London Stereoscopic Com- 
pany at the free disposal of those Members of your Society who practise photo- 
graphy (on due appointment being made) for the development of any negatives 
taken by them. 

" Should you be of opinion that the Members would find it convenient to avail 
themselves of the accouunodation proffered by my Directors I shall feel obliged 
by your causing an announcement to be placed upon the notice-board, or 
adopting such other means as you may deem proper for bringing the matter 
before them. 

" I am further requested by my Directors to say that strict injimctions will be 
given to the Company's staff not to solicit orders from any member of your 
Society who may avail himself of this offer. 

" Yours very obediently, 

** Albert H. G. Burchatt, 

** The Secretary. " Manager." 

" Royal Meteorological Society.'* 
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The following Papors were read : — 

*' Results of a Comparison of the Bichabd ANiMO-GiNiMooRAPHE with 
THE Standard Beckley Anemograph at the ELew Obsebvatort.'* By G. M. 
Whipple, B.Sc, F.R.Met.Soc. (p. 257.) 

" Bain Drops.*' By E. J. Lowe, F.R.S., F.R.Met.Soc. (p. 242.) 

** Levels of the River Vaal at Kimberlet, South Africa, with Remarks 
ON the Rainfall of the Drainage Area.'* By W. B. Tripp, M.Inst.C.E., 
F.R.Met.Soc. (p. 245.) 



June 15th, 1892. 

Ordinary Meeting. 

C. Theodore Williams, M.A., M.D., President, in the Chair. 

Thomas William Backhouse, F.R.A.S., West Hendon House, Sunderland ; 
Capt. Henry Manley Lambert, Ewhinrst Lodge, Anerley Park, Anerley, 

S.E., and 
William Topley, F.R.S., F.G.S., Assoc.Inst. C.E., 28 Jermyn Street, W., 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

«• Engush Climatology, 1881-1890." By F. C. Bayard, LL.M., F.R.Met.Soc. 
(p. 218.) 

"The Mean Temperature of the Air on each day of the year at the 
Royal Observatory, Greenwich, on the average of the fifty years 1841 to 
1890." By William Ellis, F.R.A.S. (p. 237.) 



CORRESPONDENCE AND NOTES. 

Whirlwinds in the South Indian Ocean. 

The following is an extract from a letter from Captain S. P. Heam, Ship 
Genista : — 

At noon on May 26th, 1892, Lat. 42°0' S., Long. 99°0' E., wind fresh from North- 
west, weather very squally with rain, barometer steady at 29*82 ins., thermometer 
49° since midnight, a very heavy black squall with rain began to rise in the 
west. Barometer suddenly fell 0*1 in. As the squall neared the ship it arched 
up in the centre, showing a very bright blue sky at the back of it, the ends 
of the squall on either side were quite black and thick with rain. On its nearer 
approach to the ship I saw two immense whirlwinds just a little on either side of 
the centre of the arch and coming direct for the ship, the sea under and near the 
whirls JKjing carried around and up in great volumes. I thought ai first they were 
two waterspouts forming, but I saw no descending column or clouds from above, 
as is seen when a waterspout is forming ; when these whirls came to within 2 
miles of the ship, the squall seemed to part in the centre of the arch, one half 
passing to the north-east, the other half to the south-east, one whirl following in 
rear of each part of the squall and not where the clouds were heaviest. 

During the time of the separation of the arch we had the wind very unsteady 
from North-west to South-west. There was only a fresh breeze with thick rain 
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in that part of the squall that neared the ship, yet the souall was travelling along 
at a great rate, the whirls keeping in the rear till out or sight. I shortened sail 
to topsails as soon as I saw the squall rising. After it passed the weather looked 
very fine, bright and clear, but the sky was a windy one, bein^ a very bright 
blue. By 3 p.m. the wind shifted to West and barometer had fallen to 29*67 ins., 
thermometer 48°. 

At 4 p.m. saw another whirl passing along to windward in the rear of a squall, 
the clouds above it being twined and twisted in every way. 

During the whole night we had very heavy squalls, sometimes following one 
another very quickly, with little wind between. Direction West-south west. At 
daylight the weather was much finer. After that to Lat. 40°22' S., Long. 126® E., 
I had very peculiar weather. Wind from North-west to South, and back again 
from a light breeze to a moderate gale. Barometer never rising higher than 
29-90 ins., or falling below 29*66 ins. 



Climate and Meteorology op Death Valley California. 

Prof. Harrington, the Chief of the U.S. Weather Bureau, has recently published 
in a pamphlet some interesting ** Notes on the Climate and Meteorology of Death 
Valley, California," from which the following extracts have been taken :— 

The south-western corner of the arid region of the west is occupied by the 
Colorado and Mohave deserts, the latter the northern and more extensive of the 
two. The northern margin of the Mohave Desert reaches out into narrow valleys 
Iving between bold ridges of mountains which run nearly north and south. 
I'hese valleys are usually shallow, but a few are characterised by great depth. 
The most remarkable of these is Death Valley, in that its bottom is said to 
descend below sea-level, while it is about 200 miles from the coast, and between 
it and the latter intervene the lofty Sierra Nevada Mountains. This valley is 
said to owe its name to the melancholy fate of a party of immigrants, who, 
about 1850, perished from thirst within its limits. Death Valley proper lies 
between latitudes 35^40' and 36^35' N. and longitudes 116°15' and 117°5' W. from 
Greenwich. It is about 75 miles long, with an axis running nearly north-north- 
west and south -south -east. 

The principal features of popular interest in Death Valley are its excessive 
heat and dryness. The temperature rises occasionally in the shade to 122° ; 
rarely falls at any time in the five hot months below 70° ; and averages 94°. It 
is not only hot in summer but consistently hot, and the heat is increased by 
occasional hot blasts from the desert to the south. The air is not stagnant but 
in unusually active motion. Gales of a few hours* duration are very common, 
and sometimes they produce sand whirls and sand storms. The heat and move- 
ment of the air together make this a very dry — an arid place — and this aridity 
in summer is almost as consistent as the heat. Rains may fall frequently in the 
mountains and occasionally in the valley ; clouds are by no means lacking, and 
water can probably always be found at the depth of a few feet in the soil, yet 
the heat and wind together keep the surface very dry and the relative humidity 
low. Animal and plant forms are comparatively few, and the former are usually 
nocturnal in their habits to avoid the heat. 

lloth heat and aridity are increased by the character of the valley. It is 
narrow and deep, apparently the bed of an old sea, enclosed by high and bare 
mountains. The white and shifting sands become much heated under the noon- 
day sun ; the rest of the surface is in part salt and alkali, in part pebbly wash 
from the mountains, in part a loose spongy earth, over which it is diflUcult to 
move. With the exception of a few springs, the water is bitter and unwholesome. 

The effects of the extreme heat and aridity actually recorded, under conditions 
which afford full grounds for confidence, must be very serious, but tradition and 
common report add to these terrors others which are possible enough to deserve 
quotation. It is said that the thermometer in the shade has sometimes reached 
1.30°, and once touched 137°. Men exposed in the sun's rays in summer are said to 
be not infrequently driven insane, ana the story is told of one man driving in on a 
load of borax who died suddenly with the water canteen in his hand. Meat slaugh- 
tered at night and cooked is spoiled the next morning ; cut thin and dipped in bnne 
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it cures in the sun in an hour. A writing desk curled, split, and fell to pieces. 
Tables warp into curious shapes ; chairs fall apart ; water barrels, incautiously 
left empty, soon lose their hoops. But the most terrifying aspect of nature in 
the valley is reported in the cloud bursts— a striking and not infrequent pheno- 
menon over the dry South-west, for which the conditions here are especially 
favourable. They are small and concentrated storms of the utmost fury, which 
gather suddenly about the mountains in the hottest weather. An ominous cloud 
forms with great speed, grows black and full of lightning, 8?igs down to the 
mountains and releases a flood of water. -The tales of the height of the resulting 
wave of water which comes down the canon are so marvellous that they border 
on the mythical and need not be quoted. 

The meteorological features of interest lie for the most part in those modifi- 
cations of diurnal changes which are due to topography. The range of 
temperature is unusually great ; the hourly progress of the winds show curious 
changes in speed, in direction, and in temperature. The diurnal change in the 
barometer is the most characteristic of the form found in continental valleys. 
It is of the purest single maximum type and ha.s the largest amplitude known. 
With these features go those sharp thunderstorms limited to certain hours of 
the day, and daily gales and hot blasts. 

It is also noteworthy that the absolute humidity here is fairly cont»tant, and is 
that belonging to that part of the world. The air in the valley is part of the 
general aerial ocean, and this shows no sharp contrasts in its moisture contents, 
except where wind prevails across a mountain ridge. Here the prevailing winds 
are up and down the valley, and its relative aridity is due to its higher tempera- 
ture. 

A few words may be given to the winter climate, concerning which there are no 
recorded observations. The physical conditions of the valley, however, supported 
by the statements of those who have prospected there in the winter, and oi those 
who have resided there in connection with borax works, enables us to reach a 
fair idea of this season. For five years, beginning in 1883, about 40 men were 
employed there. The season began with September and ended in June. By 
them the climate was considered healthy. Ducks and other migrating birds, 
jack rabbits and cotton-tails were reported as abundant, and the neighbouring 
Piutes extended their migrations into the valley. Snowfalls occurred on the 
mountains sometimes to the depth of several feet. Ice forms in, and extreme 
cold has been reported from, the neighbouring but higher valleys. In fact the 
relatively clear sky and bare soil make this region a favourable spot for the fall 
of winter temperatures. At Yuma the lowest temperature often reaches 127'', 
and once descended to 22°-5. 

In short, following the year through, and accepting the guidance of the obser- 
vations, of the physical conditions, and of the reports of those who have lived 
there, it is safe to conclude that the winter must be cool and salubrious, with an 
inch or two of rain. The early spring and late autumn must be of moderate 
temperature, with clear, delightful air and little rain ; the autumn very dry ; the 
summer, with May and September, as we know, hot and arid. While the diurnal 
changes are great, the annual must be very much greater. The winter mean 
temperature may be between 35^ and 40°, and that of the year 58° or 60°. 



Nest of a Mason Bee in a IIain Gauge. 

I found inside the funnel of a copper rain gauge at the Botanic Gardens in Dublin 
a lump of clay attached to the side of the gauge. I thought it had been put there 
by some one ; but on putting my knife to it to scrape it out, I found it harder than 
hard mortar. I then attacked the bottom, which I found much softer, and to my 
surprise, dug out some six yellow maggots, very nearly ready to emerge, and of 
the shape of wasps, or more like drone bees, i.e. they were much broader than 
waspa, but of the same length as large wasps. What were they ? I think I 
have iieard of some species of wasps that make clay nests. There were cer- 
tainly not more than six in the lump of mud, which was about three inches round 
and half-an-inch in thickness.— Uoijert IT. ScOTT, Meteorological Office, 
Victoria Street, S.W., September 19/A, 1892. 

The editor of the Entomological Society's Journal, from which this is extracted, 
says that the insect was probably a species of osmia. 
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RECENT PUBLICATIONS. 

American Meteorological Journal. A monthly review of Meteorology. 
Vol. IX. Nos. 8-5. July-September, 1892. 8vo. 

The principal articles are : — On the appearance and progressive motion of 
cyclones in the Indian region : by W. L. Dallas (14 pp.). The author Is of 
opinion that cyclones are a production of the upper atmosphere ; that they are 
eddies formeil in the current of westerly translation ; that they are borne along 
in this current until thev reach its edge, and that they are then thrown 
out, and in the northern hemisphere are carried tirst to West-north-west^ then 
to North-west, then to North, and finally to North-east and East, in the 
massive upper current which flows from the torrid, towards the temperate, 
zones. —A memoir of the late S. A. Hill : by Miss M. T. Hill (9 pp. and 
portrait). Mr. Hill, wlio died on Sept. 23rd, 1890, was professor of physical 
science at the Muir Central College, Allahabad ; and was also meteorological 
reporter to the (Tovernmcnt of the North-west provinces and Oudh. — The Eye of 
the Storm : by S. M. Hallou (G pp.).— Recent efforts towards the improvement of 
Daily Weather Forecasts : by H. 11. Clayton (G pp. and plate). — The sea-breeze 
at Cohassat, Mass.: by W. C. Appleton (4 pp.). — Temperature Sequences : by 
Prof. M. A. Hazon (;5 pp.). — Synoptical sketch of the progress of Meteorology 
in the United States: by Lieut. W. A. Glassford (14 pp.). — Note on Winter 
Thunderstorms : by Prof. W. M. Davis (G pp.)- — Objections to Faye's theory of 
Cyclones : by W. C. Moore (17 pp.). — Artificial Rain : by E. Powers (6 pp.). — 
Changes of plane of the Mississippi River: by Prof. T. Russell (5 pp.). — 
Thunderstorms in New England during the year 1887 : by R. de C Ward (4 pp.). 
'JMie i>umber of days iti each month on which thunderstorms were reported were 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 
1 1 5 G 18 29 20 6 4 1 1 

the total during the year being 92. The hours of maximum frequency were 
3..30 to 5..30 p.m. The average rate of movement from all the storms during the 
year was between .% and 35 miles an hour. The highest velocity noted was 60 
miles, and the lowest 15 miles. — Weather forecasting at the Signal Office, June 
30th, 1891 : by Prof. H. A. Ilazen (G pp.).— The effect of Topography on 
Thunderstorms : by R. S. Tarr (3 pp.). The author believes that topography 
has a decided effect on the path of thunderstorms when they are beginning. 

Annuaire de la Soci^t^ M^t^orologique de France. 40e Ann^. 1892. 
Janvicr-Avril. Largo 8vo. 

The principal Papers are : - Sur la d^'^finition de quelques nouveaux termes 
employes dans les etudes de mt^t^orologie dynamique : par L. Teisserenc de 
Bort (5 pp.). — Resume's des observations centralis(fes par le Service hydro- 
metrique au bassin de la Seine pendant Tannic 1890 : par M. Babinet (40 pp.). — 
Differences de temperature entre stations voisincs : par E. Renou (2 pp.).— ^ur 
la hauteur des nuages : par M. Tardy (3 pp.). — Note sur la tempdte du 
11 Novembre 1891 : par G. Guilbert (^3 pp.). 

British Rainfall, 1891. On the Distribution of Rain over the British 
Isles during the year 1891, as observed at nearly 8,000 stations in 
Great Britain and Ireland, with articles on various branches of Rainfall 
work. Compiled by G. J. Symons, F.R.S., and H. 8. Wallis. 8vo. 
1892. 272 pp. and 5 plates. 

In addition to the tables giving the rainfall at the individual stations, &c.. 
this contains the following articles :--(l) Recent Annual Rainfall compared 
with that of the previous 106 consecutive years. — (2) On the exceptional 
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February of 1891.— (3) On the evaporation from a water surface at Camden 
Square, London. The rainfall for 1891 was as follows : — 

England and Wales 37*36 ins. 

Scotland 48*59 ins. 

Ireland 39*35 ins. 

This shows that, on the whole, the total for the year was not remarkable, the 
excess averaging less than 10°/o. 

CoBfPTK Rendu du V CoNonfes International des Scienoes Geooraphiquks. 
8vo. 

Contains : — On meteorological observations in tropical countries : by H. F. 
Blanford (8 pp.). This gives the outcome of the author's long experience in 
India, and it might be well worth while to have it reprinted, so as to be able to 
hand a copy to would-be observers goine to the tropics. If this paper and Dr. 
Ilann's remarks on the observations to be taken by travellers, contained in the 
Report of the International Meteorological Committee at Ziirich, and which 
have already been reprinted by the Royal Geographical Society, were taken 
as instructions by such persons, we should have some prospect of obtaining 
valuable information from them. 

Investioations of the New England Meteorological Society for the 
YEAR 1890. Reprinted from the Annals of the Astronomical Observa- 
vatory of Harvard College. Edward C. Pickerino, Director. Vol. 
XXXI. Part 1. 4to. 1892 (156 pp. and 5 plates). 

In addition to the summary of the observations made at the stations of the 
New England Meteorological Society during 1890, this contains a series of 
5 year tables of temperature and precipitation for New England, by J. Warren 
Smith. There are also three papers on the Tornado at Lawrence, Mass., on 
July 26 th, 1800, viz. (1) The Features of Tornados and their distinction from 
other storms, by W. M. Davis; (2) The Lawrence Tornado, by H. H. Clayton; 
and (3) Evidences of Vorticular Motion in the Lawrence Tornado, by 11. F. 
Mills. 

Meteorolooische Zeitschrift. Redigirt von Dr. J. Hann and Dr. J. 
Hellmann. April-August 1892. 4to. 

The principal articles are : — Die Berechnung wahrer Tagesmittel der Tem- 
peratur aus Beobachtungen um Sa, 2», Sp : von Dr. J. Grossman (8 i)p.). This 
is a discussion of the method given by Koppen and adopted by Prof. Mohn and 
others for calculating daily means from the observations at 8 a.m., 2 p.m., and 
8 p.m. The formula is : M = n — k (n — minimum) n — J (8a + 2p -{- 8/>) and 
^ is H constant which depends to a certain extent on the latitude. The author 
points out that k depends inter alia upon the action of land and sea breezes, and 
that consequently it is not easy to determine it ; and he shows by various 
examples that it is, on the whole, oetter to revert to the old method of calculation. 
— Kegcn und Ueberschwemmungen im September 1890 nordlich der Alpen : von 
Dr. F. Augustin (7 pp.). This is an account of the floods in the Danube caused 
by the very heavy rains in the early autumn of 1890. The falls in August were 
due to thunderstorms, but those m September were not accompanied by any 
electrical manifestations. — Die Gewitter und der Wettersturz von 25 zum 26 
August 1890 in den Ostalpen : von K. Prohaska (13 pp.). Tliis is a second 
paper on the tlmnderstorms of the early autumn of 1890. The author describes 
at length the worst of the tlmnderstorms of August 25th, which travelled from 
Sitta die Castello, near Florence, to Vienna in one afternoon, from 6 to 10 p.m. 
Such a velocity is almost unheard of; between GJ and 7^ it advanced over 
lOG miles. It wrought an immensity of damage on its way. — Hesultate des 
Ilegcnniess-Ver.suclirclde8 bei Berlin, 1885-1891 : von Dr. G. Hellmann (8 pp.). 
This is an account of the rain gauge experiments carried on for the last seven years. 
The results are that the gauges within a quarter of a mile of each other agree well 
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in spring and autumn, but not so in summer, owing to thunderstorms, and in 
winter, owing to snow. Tiie cliief disturbing ngeney is wind, and the author 
is disposed to approve of Wildes suggestion to surround the gauge — especially 
for snow— with a close paling. He thinks that he has proved that if a gauge is 
put on a roof, where it is quite protected from edaies and currents of air, 
it will give the correct amount — Bemerkungen uber die Beobachtung der 
Cirren und deren Veroffentlichung : von C. Kassner (4 pp.). The author has 
discussed the cirrus observations from certain German stations, and finds that 
owing to difference in the hours of observations, little can be got from them. 
He urges that the number of stations should be increased, and the hours of 
observation fixed, but he does not suggest how cirrus clouds are to render 
themselves visible at tlie fixed hours when the sky is overcast. — Ueber die 
Hauptresultate der ITntersuchungen, von. Prof. Wolf in Zurich im Gcbiete 
der Sonneophysik : von. A. Wolfer (19 pp.). This is a reproduction of a 
paper bv the author on the same subject in the Bibliotheque universelle de 
Geneve for December 1891. Prof. Wolf has succeeded in discovering certain 
old records of eun spots, going back to the year 1626 (Scheiner), but the old 
data only refer to maxima and minima of spots. He makes out an annual 
record from 1749 to 1890, and in this series the period varies between 16*1 and 
7'3 years, so that there is not much certainty as to the probable value of any 
individual year. Prof. Wolf, however, goes on by an elaborate system of calcula- 
tions and smoothing, and appears at the end to have found out a sort of a law 
for the variations ; but as he mentions a possible period of 170 years, theoutcime 
of the iiivcstigntion hardly comes within the limits of practical utility for the 

S resent generation. — Die IJrsache atrnospliiirischer Stromnngen : von Prof. M. 
loller (6 pp.). This is a criticism of Werner von Siemens' Paper " On the 
Origin of Atmospheric Movements." — Zur Meteorologischen Photogrammetrie : 
von A. Sprung (10 pp.). The author gives a number of suggestions on the bust 
mode of obtaining correct photographs of halos, parhelia, and of clouds in 
general. — Ueber die Haufigkcit, Hewefjungund Tiefeder barometrischen Minima 
in Japan : von K. Knipping(7 pp.). This is a reproduction of the author's pai^cr 
in the Keport «>f the Central C)b.servatory, Tokio. — Secliste allgenieine Versamm- 
lung der (leutsehen Meteorologischen GestUschaft zu llraunschwcig von 6 bis 9 
Juni 1892 (13 pp.). The pa])ers read at this annual meeting are reproduced in 
abstract. The most interesting were tliosc on Atmospheric Kluetricity and its 
relation to the sun's rays : by MM. Klster and Geitel. The result is that as the 
sun's ray« discharge the electricity from terrestrial olijects, it appears that the 
difference between the results yicMed by diflenait oi»servatoiics may be related 
to their difierent exposures to sunshine. The whole paper deserves careful study 
by those interested in the subject. 

Minutes of Puoceedinos of the Institution of Civil Enoimeebs. Vol. 
CIX. Session 1891-92. Part 3. 8vo. 

Contains: 'M)n the Mean or Average Annual U>iinfall, and the fluctuations to 
whieli it is subjeet : " by A. 11. Hinnie (48 pp.). After having reviewed ihe 
sulijeet of rainfall hotli from the point of view of the determination of its nuan 
amount at any one station, as well as from that of the fluctuations to wliieli it is 
liable, the author remarks: "As to the mean or average depth of rain which 
fulls at any station, it may be coiilideutly asserted that the amount in no way 
depends on mere geographical position as deflned by a statement of the latitude 
and longitude of the station, for great variations exist within very narrow liuiiis. 
For instance, in England the mean fall varies from about 20 inches in the Ka.'-tern 
Uouniies up to more than 160 inches in the Lake District ; in France from about 
19 inches at Marseilles to 43 inches at Lampy-Neuf ; in Italy from 28 inches at 
Paleimo to 62 inches at Udine ; in India, at Hombay at the sea level, it is about 
7.3 inches, at Mahableshwar in the Western Ghats, at an elevation of 4,.30() feet, 
it is 254 inches, and at Poonah, less than 70 miles distant, at an altitude of 1,80) 
feet, it is 19 inches. At Karachi in Sind it is about 7 inches, and on the Kliasia 
Hills, near Calcutta, it amounts to about 460 inches. 

" Thus all over the world, both in the tropics and in more temperate climates, 
the mean amount of rainfall differs often very largely at stations comparatively 
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Speaking only a few miles apart ; and this difference cannot be ascribed to a high 
or a low mean temperature, to distance north or south of the equator, to a 
firenerally humid climate, such as that of England, or to one in whicn the year is 
divided into well marked wet and drj seasons, where all the rain falls in three 
out of the twelve months. This variation is to be attributed to the position of 
the station with regard to the prevailing rain bearing winds, as well as to the 
proximity of ranges of hills or mountains which act as condensers in lowering 
the temperature until the point of supersatnration is reached. 

'* The fluctuations of rainfall, with the exception of that of the single wettest 
year in any record, have been shown to be of nearly equal proportionate amount 
on both hides of the mean, and do not appear to indicate a few wet years 
balancing a larger number of dry ones, or the reverse. If any such tendency is 
shown by this inquiry, it cannot amount to more than 2 or 3 per cent, of the 
mean amount, which, when the probable error is taken into account, may almost 
be neglected. Thus in all climates and countries, irrespective of the amount of 
the mean rainfall, especially if it exceeds 20 inches, the general fluctuations are 
about equal in amount on both sides of the mean. 

" Looking at the results of examination of the fluctuations of rainfall during 
short periods, there is a great regularity in the quantities when the extreme fluctua- 
tions dealt with are considered, especially when falls under 20 inches are excluded ; 
for, irrespective of geographical position and the amount of the mean fall, the 
average results are almost the same, there being but a slight tendency in the 
direction of a smaller fluctuation, not so much at stations with a large rainfall, as 
in countries such as England, which enjoy a humid climate. 

" Seeing then that the amount of the mean fall i« a purely local circumstance, but 
that the fluctuations to which it is subject are, within the limits above stated, 
the same both in their nature and proportionate amount for all places, the 
amount must evidently be due to locality in each case, while the laws which 
govern the fluctuations, being apparently of general application, must be sought 
for in some yet unknown cause common to the whole world. 

" The subject is difficult and obscure ; its elucidation will need many years of 
study and research, and will doubtless involve the collection and analysis of a 
much larger number of records from even a wider area than those under con- 
sideration, before a satisfactory result can be arrived at." 

Report of the Medical Department of the State of Sungei Ujong for 
THE YEAR 1891. Bv L. LEONARD Braddon, M.R.C.8. RcsidoDcy Sur- 
geon. Foolscap Folio. 

The author has made a collation of the various monthly meteorological returns 
for the last three years, and has produced charts which show striking coinci- 
dences between the fluctuation of the rainfall, and the relative frequency of 
cases treated for both fever and diarrhoea. Every increase of rainfall above the 
usual average is followed by an increase in the number of cases of fever treated ; 
but the increase in the latter becomes apparent only in the ensuing month. 
With less exactness but with as regular frequency, with each increase of rainfall 
there is a fairly coincident increase in the frequency of beri-beri and diarrhoea. 
The increase in diarrhoea seeming to precede, rather than follow, the increase of 
rainfall, or perhaps is coincident rather with diminished fall. 

Results of Rain, River and Evaporation Observations made in New 
South Wales during 1890. H. C. Russell, B.A., C.M.G., F.R.S., 
Government Astronomer. 8vo. 1892, 174 pp. and 8 plates. 

Mr. Russell reports a large increase in the number of rainfall observers, which 
has risen from 960 in 1889 to 1,088 in 1890. The rainfall for the year 181>0 
stands as the wettest year up(in record so far as the whole Colony is concerned, 
the average being 35*73 ins. In the autumn the rain was excessive in tlii' 
northern parts of the Colony, and otciisioncd heavy floods in the Darling and 
its tributaries ; at Bourke on April 23rd the maximum height of the flood was 
42 ft. 7i ins. 
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ScoTTiBH Geoobapbical Magazine. Yol. Vni. No. 7. July 1892. 8vo. 

Mr. J. p. Thompson in a paper '* A Survey of Exploration in British New 
Gainea," (9 pp.) gives the following account of the climate : " Generally speaking, 
it may be said that the Possession is healthy, no dangerous epidemics being 
known, and that Europeans suffer no greater inconveniences than residents of 
other tropical climes. In the alpine zone of the Owen Stanley Range the climate 
is apparently dry and bracing, and in the basin of the Upper Fly River the 
temperature during the night time is invigorating and refreshing, mosquitoes and 
sand- flics being less troublesome than in the coastal districts. In the ncighl)our- 
hood of the cast end of the tcriitory several of the numerous islands enjoy 
salubrity of climate and freedom from the drawbacks so frequently experienced 
in low swampy localities. Essentially a tropical country, British New (luinea 
possesses a wet and a dry season, the former extending from November to the 
end of March, during which time heavy thunderstorms, accompanied by drenching 
rain, prevail. While the dry season lasts, the South-east Trade winds contribute 
greatly to comfort and to the salubrity of the climate. 

Symgns's Monthly Metegbolgoical Magazine. July- September 1892. 
Vol. XXVn. Ngs. 818-820. 8vg. 

The principal articles are: — Great Rains on June 28th (1 p.). — Thunderstorm 
and Cloud Burst near Driffield, .July .3rd (3 pp.). — The Dry Spring: bv B. C. 
Wainwiij^ht, M. L. Evans and U. Ijittleboy (2 pp.). — Spring Frosts in 1892: by 
J. Gulstm, R. Tyrcr, J. Mntheson, Rev. II. A. Boys and F. Coventry (5 pp.). — 
The British Association at Edinburgh (10 pp.).— The Climate of the British 
Empire during 181)1 (3 pp.). — The Welsh Earthquake of August 18th (3 pp.). — 
Report on the (ireat Rainfall in East Clare on 2nd July, 181)2: by Capt. II. A. 
Bentlcy (2 pp.). 
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